
/\ooi rrt 
REPORT 

N( *2-75 

OCTOBER 1975 

THE ANALYSIS OF A LONGITUDINAL 
CONTROL SYSTEM FOR 
UNDERWATER VEHICLES 

D. E. HUMPHREYS 

R. W. MILLER 

L. F. DEWBERRY 

NCSL 
PANAMA   CITY,   FLORIDA        32401 

cop        81 



NAVAL COASTAL SYSTEMS LABORATORY 
PANAMA   CITY,   FLORIDA   32401 

ADMINISTRATIVE INFORMATION 

This effort was accomplished jointly under Task .'-. 
112-001, Work Unit Number 00112-50-1A, Vehicle Hvdrodynarucs and 
Area Number SF 34-371-208, Work Unit Number 16436, Ann 
gation of Counterraeasure Launchers. 

APPROVED OCTOBER 1975 
r. ODUM, Head 

Diving and Salvage Department 

CAPT ROBERT T. QUINN, USN GERALD G. GOULD 

Commanding Officer Technical Director 



UNCIASSTFIFJ) 
SECURITY CLASSIFICATION OF THIS PACE (When Dmtm Entered) 

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS 
BEFORE COMPLETING FORM 

1.    REPORT NUMBER 

NCSL  242-75 
2. GOVT ACCESSION NO 3.    RECIPIENT'S CATALOG NUMBER 

4.    TITLE (mnd Subtitle) 

THE ANALYSIS OF LONGITUDINAL CONTROL SYSTEM FOR 
UNDERWATER VEHICLES 

5.    TYPE OF REPORT ft PERIOD COVERED 

Informal 

6. PERFORMING ORG. REPORT NUMBER 

7. AUTHOR(«J 

Douglas E. Humphreys 
Richard W. Miller 
Larry F. Dewberry 

8. CONTRACT OR GRANT NUMBERS 

9  PERFORMING ORGANIZATION NAME AND ADDRESS 

Naval Coastal Systems Laboratory 
Panama City, Florida 32401 

10.    PROGRAM ELEMENT. PROJECT. TASK 
AREA ft WORK UNIT NUMBERS 

Tasks SF 34-371-208 and 
ZF 61-112-001 

Work Units 00112-50-1A&16436 
11  CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE 

October 1975 
13.    NUMBER OF PAGES 

72 
U     MONITORING AGENCY NAME  ft  ADDRESSf// dlllerent from Controlling Office) 15.    SECURITY CLASS, (ol thie report) 

UNCLASSIFIED 

15*.    DECLASSIFI CATION    DOWNGRADING 
SCHEDULE 

N/A 
16.    DISTRIBUTION STATEMENT (ol thle Report) 

Approved for Public Release; Distribution Unlimited. 

17.    DISTRIBUTION STATEMENT (ol the mbetrmct entered In Block 20. II dlllerenl from Report) 

18.    SUPPLEMENTARY NOTES 

19.    KEY WORDS (Continue on reveree elde II neceeemry mnd Identity by block number) 

Underwater vehicles Automatic control 
Longitudinal stability Towed vehicles 
Feedback control Hydrodynamic coefficients 
Computer programs Hydromechanics 
Self-propelled vehicles Frequency 

Models 

20.    ABSTRACT (Continue on reveree elde It neceeemry mnd Identity by block number) 

A general longitudinal feedback control system containing pitch, pitch 
rate, depth, and depth rate feedback is described.  The Laplace domain trans- 
fer functions for each feedback loop are developed.  A computer analysis pro- 
gram utilizing the root locus technique is developed for aiding in the 
design of the control system.  An illustrative example design problem is 
included. 

DD,: '%"„  1473 EDITION OF  1 NOV «8 IS OBSOLETE 
S/N  0102-014-6601 I UNCLASSIFIED 

SECURITY CLASSIFICATION OF THIS PAGE (When Dmtm Entered) 



UNCLASSIFIED 
-LLUHITV CLASSIFICATION OF THIS P*GE(Wh*n Dmtm Entmrmd) 

19. 

Identifiers 

Multiloop control system 
Longitudinal feedback system 
Vehicle longitudinal feedback 

UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PAGE(TWl«i Dmtm Enfrmd) 



TABLE OF CONTENTS 

Page No. 

INTRODUCTION  1 

LONGITUDINAL CONTROL SYSTEM ANALYSIS  2 

Background   2 

First Loop  2 

Second Loop  5 

Third Loop  6 

Fourth Loop  7 

COMPUTER PROGRAM USERS GUIDE  9 

Basic Program Description  9 

Input Requirements  10 

Example Problem  10 

First Loop Analysis  14 

Second, Third, and Fourth Loops  16 

CONCLUSIONS  17 

APPENDIX A - SOME NOTES ON THE CONSTRUCTION AND 
INTERPRETATION OF ROOT LOCUS  A-l 

APPENDIX B - EXPRESSIONS FOR THE LONGITUDINAL TRANSFER 
FUNCTION COEFFICIENTS  B-l 

APPENDIX C - LONGITUDINAL CONTROL SYSTEM ANALYSIS 
PROGRAM - CARD LIST  C-l 

APPENDIX D - TIME HISTORY PLOT DIAGRAM CARD LIST  D-l 



LIST OF ILLUSTRATIONS 

Figure No. Page No, 

1 Block Diagram for Longitudinal Control System 3 

2 Block Diagram for the First Loon 4 

3 Block Diagram for the Second Loop 5 

4 Block Diagram for the Third Loop 8 

5 Block Diagram for the Fourth Loop 8 

6 Example Data File 11 

7 Example Problem 12 

8 Example Problem:  First Loop Analysis 14 

9 Root Locus for the First Loop 15 

10 Example Problem:  Second, Third and Fourth 
Loop Analysis 18 

11 Root Locus for the Second Loop 22 

12 Root Locus for the Third Loop 22 

13 Root Locus for the Fourth Loop 22 

ii 



INTRODUCTION 

The requirement for feedback control systems in underwater vehicles 
is well established.  In its absolute form, feedback systems are used to 
control vehicle depth and yaw, while rate feedback (pitch or yaw rate) 
can be used to improve a vehicle's handling characteristics.  The pur- 
pose of this report is to present a step-by-step procedure for the analy- 
sis of vehicle longitudinal feedback control systems. 

The control system discussed is general in that it allows the 
designer to select any or all of four feedback loops (pitch rate, pitch, 
depth rate, and depth).  Each loop is analyzed separately for this pur- 
pose.  The root-locus technique is used in the analysis.  To aid the 
engineer in the design process, a computer program has been written 
that will perform all the necessary computations. This program is suit- 
able for analyzing both self-propelled and towed vehicles.  Inputs to 
the program consists of vehicle length, speed, mass, moments of inertia, 
and the 30 linear hydrodynamic coefficients. Vehicle mass and moments 
of inertia are computed using the MIDCOHV computer program WTBAL re- 
ported in NCSL Report 220-74^1).  The hydrodynamic coefficients are com- 
puted in the MIDCOHV computer program GEORGE.  The details necessary 
for running the program are presented in the users guide section.  An 
example design is included to illustrate the analysis of a longitudinal 
feedback control system.  The analysis of lateral feedback control sys- 
tems is discussed in an NCSL report(2). 

u)Naval Coastal Systems Laboratory Report 220-74, The MIDCOHV Weight 
and Balance Computer Program   (WTBAL), by K. W. Watkinson, September 
1974, Unclassified. 

^2)Naval Coastal Systems Laboratory Report, The Analysis of Lateral 
Control Systems for Self-Propelled and Towed Submarged Vehicles, 
by Douglas E. Humphreys, Richard W. Miller, and Larry F. Dewberry, 
(in publication), Unclassified 



LONGITUDINAL CONTROL SYSTEM ANALYSIS 

BACKGROUND 

A general model of a longitudinal feedback system is shown in 
Figure 1.  The feedback loops are pitch rate (6), pitch angle (0), 
depth rate (Z), and depth (Z).  The sensors are modeled as pure gains 
and are denoted as Kg, KQ, K£, and K2.  There are two command inputs: 
desired depth (ZQ) and desired pitch angle (0o). 

The purpose of a feedback control system is to either stabilize 
an unstable system, improve the system response characteristics, to con- 
trol a certain variable, such as depth, or a combination of these.  The 
desired vehicle control is achieved by successively closing each loop 
and varying the loop gain until the desired system dynamics are 
acheived.  The root-locus method is used here to aid in the analysis 
process.  For additional details on the root-locus method and the mathe- 
matics of Laplace transforms, See References 3, 4, 5, and 6 and 
Appendix A. 

FIRST LOOP 

The inner-most loop (or first loop) is shown in Figure 2.  The 
vehicle transfer function relating pitch rate response to stern plane 
input is 

9   s6   °s 
6 " 6 " D  • 

(3>Clark, R. N., Introduction  to Automatic Control Systems,  John Wiley 
and Sons, Inc., 1973. 

(4)Hale, F. J., Introduction to Control System Analysis and Design, 
Prentice-Hall, Inc., 1973. 

(5)Blakelock, J. H., Automatic Control of Aircraft and Missiles,  John 
Wiley and Sons, Inc., 1965. 

^6)Hildebrand, F, B., Advanced Calculus for Applications,  Prentice- 
Hall, Inc., 1963. 

(Text Continued on Page 4) 
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FIGURE 1.  BLOCK DIAGRAM FOR LONGITUDINAL CONTROL SYSTEM 
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FIGURE 2.  BLOCK DIAGRAM FOR THE FIRST LOOP 

Where N* * Pitch angle/control deflection transfer function 
s  numerator 

D  ■ Denominator of vehicle transfer function. 

The numerator and denominator are functions of the vehicle hydrodynamic 
coefficients.  Appendix B gives the expanded form of each of the 
vehicle transfer functions. 

By solving for the closed loop transfer function, 6/e^, and varying 
the feedback gain, KQ, the system dynamics can be adjusted to yield the 
desired performance.  Solving for this closed loop transfer function 
yields 

sN e 

sN, 

e. 
s 

sN, 

1 - K; 

D - sN6  K' 
8 

For stability:  Kg _> 0. 

Note  that although Figure 2 shows  the feedback signal  being added to 
the input signal,  the sustem is actually a negative feedback system 
since the numerator,  N? , will always carry a negative sign. 

A 



Closing the first loop yields a new vehicle; i.e., a rate con- 
trolled vehicle, with a new characteristic equation 

D- - D - 8NJ K- . 
s 

The single prime indicates a system with one loop closure. 

SECOND LOOP 

Figure 3 shows the vehicle second loop after the first loop has 
been closed.  The vehicle transfer function with one loop closed is 
denoted by Ö/e^.  The vehicle transfer functions with two loops closed 
is 

e_ = 
e„ i + i-^ 

ei8 

N e 

s 

s        s 

For stability:  K0 < 0. 

FIGURE 3.  BLOCK DIAGRAM FOR THE SECOND LOOP 



Note that in order to solve for the above transfer function, the pitch 
angle command was set to zero.  Since the commanded pitch angle does 
not affect the vehicle characteristic response, this requirement in no 
way restricts the analysis capability. After the system response has 
been evaluated for 90 - 0, trajectories for other pitch angle commands 
can be evaluated using time domain solutions such as the one shown in 
Reference 7. 

THIRD LOOP 

Figure 4 shows the block diagram of the third loop.  The vehicle 
transfer function with two loops closed is denoted by &/e2»     To form 
the depth rate signal (Z) requires the combination of the pitch signal 
and the vertical velocity according to the following equation 

. 
z - w - u e , 

o  ' 

or 

z/e - w/e - u . 
o 

The w/6 transfer function is obtained by dividing the w/6g transfer 
function by the 6/<$s transfer function which yields 

w 

/x 8      Nr w/6        -5-    6 
s  w     D       s 

s N6        N6 

s      s 

The theoretical basis for this operation can be found in an NSRDC 
report (7). 

(7>Naval Ship Research and Development Center, Report No. P-4-3-H-01, 
User's Guide NSRDC Digital Program for Simula-ting Submarine Motion 
ZZMN Revision 1.0, by Ronald W. Richard, June 1971, Unclassified. 



The vehicle transfer function with three loops closed is 

2       c2 fc*-"o 
e3  i + Ö- Ä . u ) K; e2 

v0   o'  Z 

w    9 
N* - N° U 

«                   Ö     0   O Z s    s 
e3  D - SNJ  K- + KeN9 + K- (%    - ^    U ) 

s s    s 

For stability K^ > 0. 

Note that from Figure A this is a positive feedback system.     This con- 
vention was chosen to conform with the Navy's standard motion simulation 
program in Hildebrand's textbook  *.  The reader should note the dif- 
ference between a negative feedback and a positive feedback root locus. 
In a negative  feedback system, the locus of roots on the real axis lies 
to the left  of an odd number of poles or zeros.  In a positive  feedback 
system, the locus of roots on the real axis lies to the right  of an odd 
number of poles or zeros.  In both  cases, the locus emanates from a 
pole and terminates at a zero. 

Also note from Figure 4 that the value for Kz is dimensionalized 
by dividing it by 57.3 (= 4 arctan 1). 

FOURTH LOOP 

Figure 5 shows the model of the fourth and final loop.  The vehicle 
transfer function with three loops closed is denoted by Z/e^.  The 
vehicle transfer function with four loops closed is 

.K Li 
2 e3 8 

3 s 

S      8 
Zo  S[D - B*l    K- + KeN6

6 + K- (N£ - NJ ü )] - Kz <n£ - N° UQ) 
8 S S      8 S      S 

(6) ibid. 

(Text Continued on Page 9) 
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FIGURE 4.  BLOCK DIAGRAM FOR THE THIRD LOOP 

FIGURE 5.  BLOCK DIAGRAM FOR THE FOURTH LOOP 



For stability:  ^ £ 0 . 

Note again that this is positive feedback.     Again notice that the value 
of Kz is diraensionalized by dividing it by 57.3. 

The augmented vehicle response is achieved by the commanded deflec- 
tion of the stern plane.  The control law that determines the stern 
plane position as a function of time is seen from Figure 1 as 

5a - K- 6 - (9o - 6) Ke - KzZ - (Zo - Z) K2 . 

This conforms to the control law used in Reference 8. 

COMPUTER PROGRAM USERS GUIDE 

BASIC PROGRAM DESCRIPTION 

This program computes the roots of the numerator and denominator 
for a submerged vehicle with the feedback control system described in 
the previous section and Appendix C.  The basic inputs to the program 
are the vehicle nondimensional hydrodynamic coefficients, mass, and 
moments of inertia as defined in a SNAME publicationc  .  The vehicle 
length and speed, whether the vehicle is a towed or self-propelled body 
(inputed by means of a disk data file), and the range of loop gains to 
be analyzed (inputed systematically from an interactive terminal). 

The main program computes the coefficients of the numerator and 
denominator equations that are shown in Appendix B.  This calculation 
is broken down into four basic segments; one segment for each loop 
analyzed.  The resulting polynomial equations are solved for the roots 
of the system by using a polynomial root factoring routine. 

At the completion of the main analysis program, a data file can be 
automatically written for a companion program known as TIMEPLT (Appen- 
dix D).  TIMEPLT is another analysis program which takes the S-domain 

(8)Air Force Flight Dynamics Laboratory Research and Technology 
Division, Wright-Patterson Air Force Base, Analysis of Multiloop 
Vehicular Control Systems,  by D. T. McRuer, I. L. Ashkenas, and 
H. R. Pass, March 1964. 

'Society of Naval Architects and Mechanical Engineers, Nomenclature 
for Treating  the Motion of a Submerged Body  through a  Fluid, 
1952. 



analysis and transfers it back Into the time domain, complete with plot 
diagrams of the system output response due to standard input signals. 

INPUT REQUIREMENTS 

Data input to the object program L0CSAP/0BJECT is through the disk 
data file L0CSAP/DATA and from an interactive terminal.  All inputs are 
in a free-field format.  Refer to Figure 6 for an example of data file 
input. 

INTERACTIVE TERMINAL DATA 

As described earlier, the control system analysis proceeds by 
closing each successive feedback loop.  This is accomplished by input- 
ing a range of loop gains for the innermost loop and then deciding on 
a single value before proceeding to the next system loop. At any point 
in the analysis, the operator is allowed to change any previous loop 
gains until a full set of four loop gains have been chosen.  Details 
of the interactive terminal data can be found in the example problem 
(Figure 7). 

EXAMPLE PROBLEM* 

The program is executed as follows: 

??EX L0CSAP/0BJECT * [charge number] 

FILE FILE 1 - L0CSAP/DATA;END. 

At the interactive terminal, the programer is now allowed to have 
outputed three different data sets.  The program prints the statement: 

PRINT STAB DERIV, DIMRTS, TFCPRT . . . 

These data sets are the vehicle nondimensional stability derivatives 
(input to the program from the previously mentioned data file L0CSAP/ 
DATA), the dimensional polynomial roots, and the dimensional polynomial 
coefficients, respectively.  A "1" input for each of the variables al- 
lows the data to be printed out; an "0" means that the printout is not 
desired.  Following these data sets, the numerator roots (zeros) for 
the four control system loops are printed. 

*This example problem is for a self-propelled vehicle, consequently 
some additional terms are zeroed by the program. 

(Text Continued on Page 14) 
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Line 
Number Data Description 

Record 1 0000: 10.1270, 49.3330, 0,* 

Record 2 0010: -.15020E-01 , -.57700E-03 .81000E-04,/ 

0020: .0 -.50138E-01 .95500E-02,/ 

0030: .0 .0 -.15709E 00,/ 

0040: .0 -.17455E-01 -.11310E-01,/ 

0050: -.16230E-02, ,  .0 .0       ,/ 

0060: .0 -.31545E-01, -.14600E-03,/ 

0070: .0 -.13000E-03, -.15730E-02,/ 

0080: .0       , .0 .0       ,/ 

0090: .0 .0 .0       ,/ 

0100: .0 , -.27695E-01, -.12797E-01,/ 

0110: .36397E-01, ,  .19170E-02, 

Note:  The following information identifies the input by record, 
column, and line. 

Record 1  0000: 

Record 2* 0010: 

0020: 

0030: 

0040: 

0050: 

0060: 

0070: 

0080: 

0090: 

0100: 

UQ, LB, [Type] 
U0 - Vehicle Velocity (ft/sec) 
LB - Vehicle length (ft) 

[Type] - 1 if a towed body, 
0 if self-propelled 

xu > ZU > MU 

xw a zw » MW 

XTHUSQ**, ZTHUSQ**, MTHUSQ** 

XQ > ZQ > MQ 

XUD 9 ZUD i MUD 

XWD > ZWD » MWD 

XQD f ZQD » MQD 

XX 9 ZX 9 MX 

XZ 9 ZZ 9 MZ 

XDELT 9 ZDELT » MDELT 

0110: M, IY 
*Nondimensional Stability Derivatives (Appendix A) 
**Program reads XTHUSQ(=X» U2), ZTHUSQ, MTHUSQ and converts 

to XTH( = XTHUSQ/U2), ZTH,°MTH 

FIGURE 6. EXAMPLE DATA FILE 

11 



5:LOCSAP/0BJECT = 1 BOJ 1302 10/01/74 FROM 01/06 
PRINT STAB DERIV. DIMRTS, TFCPRT... 

1,1,1«- 

S N A M E NON-DIMENSIONAL 
LONGITUDINAL STABILITY DERIVATIVES 

xu = -.15020E- -01 ZU = -.57700E-03 MU =  .81000E-04 
xw =  .0 ZW = -.50138E-01 MW =  .95500E-02 
XTH -  .0 ZTH = .0 MTH =  .15317E-02 
XQ =  .0 ZQ = -.17455E-01 MQ - -.11310E-01 
XUD = -.16230E- -02 ZUD = .0 MUD -  .0 
XWD =  .0 ZWD = -.31545E-01 MWD = -.14600E-03 
XQD =  .0 ZQD = -.13000E-03 MQD = -.15730E-02 
XX ■ .0 ZX = .0 MX ■ .0 
XZ =  .0 ZZ ss .0 MZ =  .0 
XDELT =  .0 ZDELT ■ -.27695E-01 MDELT = -.12797E-01 

M «36397E-01 IY . 19170E« -02 

**** DENOMINATOR DS(J) **** 

DIMENSIONAL COEFFICIENTS 

J = 1 DS = .0 
J = 2 DS = .0 
J = 3 DS = .273739387358E-04 
J = 4 DS = .118877286995E-02 
J = 5 DS = .185102157604E-01 
J = 6 DS = .108587460950E 00 
J = 7 DS - .120470690538E 00 

DIMENSIONAL ROOTS 

J = 1 ROOTR = -.59231E-01 ROOTI = -.22004E-01 
J = 2 ROOTR = -.59231E-01 ROOTI =  .22004E-01 
J = 3 ROOTR = -.81096E-01 ROOTI =  .0 
J = 4 ROOTR = -.70180E 00 ROOTI =  .0 
J - 5 ROOTR = .0 ROOTI =  .0 
J = 6 ROOTR = .0 ROOTI =  .0 

**** X NUMERATOR **** 
***** XS(J) COEFFICIENTS ALL ZERO ***** 

FIGURE 7.  EXAMPLE PROBLEM 
(Sheet 1 of 2) 
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**** Z NUMERATOR **** 

DIMENSIONAL COEFFICIENTS 

J = 1 ZS = .0 
J = 2 ZS = -.153127243398E-03 
J = 3 ZS = -.116585064408E-01 
J = 4 ZS = -.128614635109E 00 
J = 5 ZS = -.100337496561E 00 

DIMENSIONAL ROOTS 

J = 1 ROOTR = -.15883E-01 
J = 2 ROOTR = -.81096E-01 
J = 3 ROOTR = -.11848E 01 
J = 4 ROOTR = .0 

ROOTI * .0 
ROOTI - .0 
ROOTI = .0 
ROOTI = .0 

**** I NUMERATOR **** 

DIMENSIONAL COEFFICIENTS 

J = 1 TS = .0 
J = 2 TS - .0 
J = 3 TS = -.322969154535E-03 
J = 4 TS = -.548520303593E-02 
J = 5 TS - -.185293864643E-01 

DIMENSIONAL ROOTS 

J = 1 ROOTR = -.81096E-01 
J = 2 ROOTR = -.21493E 00 
J = 3 ROOTR = .0 
J ■ 4 ROOTR - .0 

ROOTI = .0 
ROOTI = .0 
ROOTI = .0 
ROOTI = .0 

ZEROS OF TD/E1 
-0.0811  0.0000 -0.2149  0.0000 
0.0000  0.0000 

0.0000  0.0000  0.0000  0.0000 

ZEROS OF T/E2 
-0.0811  0.0000 -0.2149 

ZEROS OF ZD/E3 AND Z/ZO 
-0.0811  0.0000 -0.3690 
0.0000  0.0000 

0.0000  0.0000  0.0000  0.0000  0.0000 

0.0000  1.0384  0.0000  0.0000  0.0000 

FIGURE 7. 
(Sheet 2 of 2) 
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FIRST LOOP ANALYSIS 

To analyze the first loop (pitch rate), the initial value of KQ 
must be entered along with the step increment, AKQ, and the final 
value of KQ.  The program prints out the statement: 

ENTER KTD0RG, DELKTD, KTDFIN. 

The programmer must then enter the desired values as follows: 

0, .5, 5. 

A root locus for the inner loop will then be generated for the gain 
values of 0 to 5 in steps of .5 (Figure 8). 

ENTER KTDORG,DELKTD,KTDFIN 

0..5.5- 
0.00 

-0.0592 -0.0220 -0.0592 0.0220 -0.0811 0.0000 -0.7018 0.0000 
0.0000 0.0000 0.0000 0.0000 
0.50 

-0.0407 0.0000 -0.0811 0.0000 -0.0897 0.0000 -0.7667 0.0000 
0.0000 0.0000 0.0000 0.0000 
1.00 

-0.0307 0.0000 -0.0811 0.0000 -0.1094 0.0000 -0.8340 0.0000 
0.0000 0.0000 0.0000 0.0000 
1.50 

-0.0253 0.0000 -0.0811 0.0000 -0.1227 0.0000 -0.9030 0.0000 
0.0000 0.0000 0.0000 0.0000 
2.00 

-0.0217 0.0000 -0.0811 0.0000 -0.1328 0-0000 -0.9734 0.0000 
0.0000 0.0000 0.0000 0.0000 
2.50 

-0.0190 0.0000 -0.0811 0.0000 -0.1409 0.0000 -1.0449 0.0000 
0.0000 0.0000 0.0000 0.0000 
3.00 

-0.0170 0.0000 -0.0811 0.0000 -0.1475 0.0000 -1.1172 0.0000 
0.0000 0.0000 0.0000 0.0000 
3.50 

-0.0154 0.0000 -0.0811 0.0000 -0.1531 0.0000 -1.1901 0.0000 
0.0000 0.0000 0.0000 0.0000 
. 4.00 

-0.0141 0.0000 -0.0811 0.0000 -0.1578 0.0000 -1.2637 0.0000 
0.0000 0.0000 0.0000 0.0000 
4.50 

-0.0129 0.0000 -0.0811 0.0000 -0.1618 0.0000 -1.3376 0.0000 
0.0000 0.0000 0.0000 0.0000 
5.00 

» 

-0.0120 0.0000 -0.0811 0.0000 -0.1654 0. 0000 -1.4119 0.0000 
0.0000 0.0000 0.0000 0.0000 

FIGURE 8.  EXAMPLE PROBLEM:  FIRST LOOP ANALYSIS 

Each root is listed as a real and imaginary pair, read from left 
to right, top and bottom.  For example, at a gain value KQ ■ 0.00 (first 
three digit number printed) the denominator roots (poles) are 

14 



Real Imaginary 

-.0592 -j .0220 

-.0592 +j .0220 

-.0811 JO 

-.7018 10 

While the loop zeros (previously printed out) are 

Real Imaginary 

-.0811 JO 

-.2149 JO 

0.0 JO.O 

The two zero vlaue roots for each are not shown since this example is 
for a self-propelled vehicle; for a towed vehicle they would have a 
nonzero value. 

Figure 9 is a plot of the root locus for this loop. 

After printing the value for the roots over the gain range speci- 
fied, the program will then print out the next statement: 

<* K- 
■/■ 

-.7 -.3 

O 

-.2 

+-& i 
-.1 

\ 

U +.05 

i> 

_- .05 

FIGURE 9.  ROOT LOCUS FOR THE FIRST LOOP 
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D0 Y0U WANT T0 C0TINUE KTD R.L0CUS. 

The programmer must enter: 

0 - if he desires to go on to the second loop. 

1 - if he desires to continue the root locus in the first 
loop. 

If 1 is entered, the program will again ask for values of KTD0RG, 
DELKTD, KTDFIN. 

If 0 is entered, the program will ask for the desired first loop 
gain by printing   ENTER KTD.   The programmer must enter the se- 
lected first loop gain. 

SECOND, THIRD, AND FOURTH LOOPS 

The above procedure is repeated for the next three loops. When 
new values are requested at the end of each root locus, three options 
are available.  This is to allow the programmer to go back to any 
desired inside loop at any point in the program.  For example, if after 
completing the root locus in the second loop, the programmer may wish 
to reanalyze the first loop based on what he learned from the second 
loop root locus.  This is accomplished as follows.  The program prints 
out the statement 

DO / Y0U WANT NEW KTD, 0 - N0, 1 - ENT, 2 - ENT & C0MP, KTD N0W = 1 

after the second loop root locus is complete.  The programmer must enter 

0 - If he desires to go to the third loop, 

1 - If he desires to change the value of the first loop gain, 

2 - If he desires to go back to the first loop and recompute the 
root locus. 

This return option is available at the completion of each loop's locus. 

For the fourth loop, two gain values are printed, the loop gain 
and the system gain.  The system gain is defined as 

GAIN • Kz igy 
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for self-propelled vehicles (see Appendix B for definition of terms). 
The gain is the steady state value for depth, Z, for a unit step in 
depth command, Z0.  Normally, it is desirable for this gain value to 
be equal to unity. 

The remainder of the vehicle control system analysis follows as 
shown in an example problem (Figure 10), along with root locus plots 
for the second, third, and fourth loops (Figures 11, 12, and 13). 

When the programmer is satisfied with the analysis and has se- 
lected gain values for all four loops, the program prints out 

D0 Y0U WANT A TIMEPLT. 

By inputing a 1 (yes) to the L0CSAP program, a data file is auto- 
matically created which will later be utilized by the program TIMEPLT. 
The root values to be passed to the file are determined by the opera- 
tors answer to the next two questions asked of him by the program, 

ENTER KTD, KT, KZD, KZ, GAMP 

TIMEPLT F0R WHICH L00P . 

The K values are the individual loop gains, and the variable GAMP is 
indicative of the type and magnitude of the standard test signal to be 
inputed to the system.  Answering the question as to which loop, deter- 
mines which loop output will be plotted by the companion program.  This 
analysis can be repeated as many times as desired, until the operator 
answers N0 (0) to the question: 

D0 Y0U WANT AN0THER TIMEPLT, 

at which point the root-locus program is terminated. 

CONCLUSIONS 

A computer program was written utilizing the root-locus technique 
to analyze a longitudinal feedback control system. An example problem 
is included illustrating the use of this program. 

To date, this analysis program has been utilized in the design of 
control systems for swimmer delivery vehicles, a submarine, and towed 
mine-hunting vehicles. 
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DO YOU WANT TO CONTINUE KTD R . LOCUS 
o<- 
ENTER KTD 
1+ 
ENTER KTORG »DELKT.KTFIN 
0,-.5,-5<- 

0.00 
-0.0307 0.0000 -0.0811 0.0000 -0.1094 0.0000 -0.8340 0.0000 
0.0000 0.0000 0.0000 0.0000 
-0.50 
-0.1150 ■ -0.1130 -0.1150 0.1130 -0.0811 0.0000 -0.7441 0.0000 
0.0000 0.0000 0.0000 0.0000 
-1.00 

-0.1724 ■ -0.1651 -0.1724 0.1651 -0.0811 0.0000 -0.6292 0.0000 
0.0000 0.0000 0.0000 0.0000 
-1.50 

-0.0811 0.0000 -0.2584 -0.2186 -0.2584 0.2186 -0.4572 0.0000 
0.0000 0.0000 0.0000 0.0000 
-2.00 
-0.0811 0.0000 -0.3110 0.0000 -0.3315 -0.3342 -0.3315 0.3342 
0.0000 0.0000 0.0000 0.0000 
-2.50 
-0.0811 0.0000 -0.2726 0.0000 -0. 3508 -0.4364 -0. 3508 0.4364 
0.0000 0.0000 0.0000 0.0000 
-3.00 

-0.0811 0.0000 -0.2565 0.0000 -0.3588 -0.5185 -0.3588 0.5185 
0.0000 0.0000 0.0000 0.0000 
-3.50 

-0.0811 0.0000 -0.2476 0.0000 -0.3632 -0.5888 -0.3632 0.5888 
0.0000 0.0000 0.0000 0.0000 

-4.00 
0.0811 0.0000 -0.2410 0.0000 0.3661 0.6514 -0.3661 0.6514 
0.0000 0.0000 0.0000 0.0000 
-4.50 

-0.0811 0.0000 -0.2379 0.0000 -0.3681 -0.7083 -0.3681 0.7083 
0.0000 0.0000 0.0000 0.0000 
-5.00 

-0.0811 0.0000 -0.2349 0.0000 -0.3696 -0.7609 -0.3696 0.7609 
0.0000 0.0000 0.0000 0.0000 

DO YOU WANT NEW KTD ,0=NO,1=ENT,2=ENT&C0MP,KTD N0W=   1 .00 
0^ 
DO YOU WANT TO CONTINUE KT R. LOCUS 
0«- 

FIGURE 10.  EXAMPLE PROBLEM:  SECOND, THIRD AND FOURTH LOOP ANALYSIS 
(Sheet 1 of 5) 

18 



ENTER KT 

ENTER KZDORG,DELKZD,KZDFIN 
0,.5,5+ 

0.00 
-0.1724 -0.1651 -0.1724 
0.0000  0.0000  0.0000 
0.50 

-0.0811 
0.0000 
1.00 

-0.0811 
0.0000 
1.50 

-0.0811 
0.0000 
2.00 

-0.0811 
0.0000 
2.50 

-0.0811 
0.0000 
4.00 

-0.0811 
0.0000 
3.50 

-0.0811 
0.0000 
3.00 

-0.0811 
0.0000 
4.50 

-0.0811 
0.0000 
5.00 

-0.0811 
0.0000 

0.0000 -0.3992 
0.0000 0.0000 

0.0000 -0.3839 
0.0000 0.0000 

0.0000 -0.3788 
0.0000 0.0000 

0.0000 -0.3764 
0.0000 0.0000 

0.0000 -0.3749 
0.0000 0.0000 

0.0000 -0.3739 
0.0000 0 0000 

0.0000 -0.3732 
0.0000 0.0000 

0.0000 -0.3726 
0.0000 0.0000 

0.0000 -0.3722 
0.0000 0.0000 

0.0000 -0.3719 
0.0000  0.0000 

DO YOU WANT NEW KTD, KTD NOW 
0^ 
DO YOU WANT NEW KT, KT NOW =   -1.00 
(K 
DO YOU WANT TO CONTINUE KZD R. LOCUS 
1+ 
ENTER KZDORG,DELKZD,KZDFIN 
0,-.5,->H 

0.1651 -0.0811 0.0000 -0.6292 0.0000 
0.0000 

0.0000 -0.0792 -0.6952 -0.0792 0.6952 
0.0000 

0.0000 0.1213 -0.9539 0.1213 0.9539 
0.0000 

0.0000 0.3270 -1.1186 0.3270 1.1186 
0.0000 

0.0000 0.5340 -1.2271 0.5340 1.2271 
0.0000 

0.0000 0.7415 -1.2938 0.7415 1.2938 
0.0000 

0.0000 0.9492 -1.3249 0.9492 1.3249 
0.0000 

0.0000 1.1571 -1.3229 1.1571 1.3229 
0.0000 

0.0000 1.3650 -1.2877 1.3650 1.2877 
0.0000 

0.0000 1.5731 -1.2164 1.5731 1.2164 
0.0000 

0.0000 1.7811 -1.1019 1.7811 1.1019 
0.0000 

1.00 

FIGURE 10. 
(Sheet 2 of 5) 
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0.00 
-0.1724 -0.1651 -0.1724 0.1651 -0.0811 0.0000 
0.0000 0.0000 0.0000 0.0000 
-0.50 

-0.0811 0.0000 0.2740 0.0000 -0.3410 0.0000 
0.0000 0.0000 0.0000 0.0000 
-1.00 
-0.0811 0.0000 -0.3547 0.0000 0.4253 0.0000 
0.0000 0.0000 0.0000 0.0000 
-1.50 

-0.3594 0.0000 0.5174 0.0000 -0.0811 0.0000 
0.0000 0.0000 0.0000 0.0000 
-2.00 
-0.0811 0.0000 -0.3617 0.0000 0.5822 0.0000 
0.0000 0 0000 0.0000 0.0000 
-2.50 
-0.0811 0.0000 -0.3632 0.0000 0.6311 0.0000 
0.0000 0.0000 0.0000 0.0000 
-3.00 
-0.0811 0.0000 -0.3641 0.0000 0.6698 0.0000 
0.0000 0.0000 0.0000 0.0000 

DO YOU WANT NEW KTD , KTD NOW 1.00 
0<- 
DO YOU WANT NEW KT, KT NOW - -1.00 
0<- 
DO YOU WANT TO CONTINUE KZD R. LOCUS 
0^ 
ENTER KZD 
0,.5,5- 

0.00 
GAIN -  0. 000 

-0.1724 -0.1651 -0.1724 0.1651 -0.0811 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.50 

GAIN = -2. 710 
-0.0811 0.0000 -0.3803 0.0000 0.4495 0.0000 
-0.5216 0.8133 0.0000 0.0000 0.0000 0.0000 

1.00 
GAIN - -5. 421 

-0.0811 0.0000 -0.3745 0.0000 0.5577 0.0000 
-0.5787 1.0922 0.0000 0.0000 0.0000 0.0000 

1.50 
GAIN = -8. 131 
-0.0811 0.0000 0.6230 0.0000 -0.3726 0.0000 
-0.6122 1.2989 0.0000 0.0000 

FIGURE 
(Sheet 3 

0.0000 

10. 
of 5) 

0.0000 

-0.6292  0.0000 

-1.3235  0.0000 

-1.8776  0.0000 

-2.3814  0.0000 

-2.8603  0.0000 

-3.3242  0.0000 

-3.7783  0.0000 

-0.6292  0.0000 

-0.5216 -0.8133 

-0.5787 -1.0922 

-0.6122 -1.2989 
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2.00 
GAIN = -10.841 

-0.0811  0.0000 
-0.6357  1.4705 

2.50 
GAIN = -13.552 

-0.0811  0.0000 
-0.6535  1.6204 
3.00 

GAIN = -16.262 
-0.0811  0.0000 
-0.6677  1.7552 
3.50 

GAIN = -18.972 
-0.0811  0.0000 
-0.6794  1.8788 
4.00 

GAIN = -21.683 
-0.0811  0.0000 
-0.6892  1.9937 

4.50 
GAIN = -24.393 
-0.0811  0.0000 
-0.6976  2.1014 

5.00 
GAIN = -27.103 
-0.0811  0.0000 
-0.7049  2.2032 

DO YOU WANT NEW KTD, KTD NOW 
CK 
DO YOU WANT NEW KT, KT NOW = 
CH- 
DO YOU WANT NEW KZD,KZD NOW ■ 
0*- 
DO YOU WANT TO CONTINUE KZ R. 
i* 
ENTER KZORG,DELKZ,KZFIN 
0,-.5,-3+ 

0.00 
GAIN =   0.000 

-0.1724 -0.1651 
0.0000  0.0000 
-0.50 

GAIN =   2.710 
-0.0811  0.0000 
-1.2154  0.0000 
-1.00 

-0.3717 
0.0000 

-0.3711 
0.0000 

-0.3708 
0.0000 

-0.3705 
0.0000 

-0.3703 
0.0000 

-0.3702 
0.0000 

-0.3701 
0.0000 

0.0000  0.6690  0.0000 -0.6357 
0.0000  0.0000  0.0000 

-1.4705 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.7041 
0.0000 

0.7321 
0.0000 

0.7552 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

-0.6535 -1.6204 

-0.6677 -1.7552 

-0.6794 -1.8788 

0.0000  0.7746  0.0000 -0.6892 -1.9937 
0.0000  0.0000  0.0000 

0.0000  0.7913  0.0000 -0.6976 -2.1014 
0.0000  0.0000  0.0000 

0.0000  0.8058 
0.0000  0.0000 

1.00 

0.0000 
0.0000 

-0.7049 -2.2032 

-1.00 

0.00 

LOCUS 

-0.1724 
0.0000 

-0.3586 
0.0000 

0.1651 -0.0811 
0.0000  0.0000 

0.0000 
0.0000 

0.3000 
0.0000 

0.0000 
0.0000 

-0.5254 
0.0000 

-0.6292  0.0000 

0.3000  0.5254 

FIGURE 10. 
(Sheet 4 of 5) 
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GAIN -   5, 421 
-0.0811 0.0000 -0.3637 0.0000 0.4504 -0.6146 0.4504 
-1.5113 0.0000 0.0000 0.0000 0.0000 0.0000 
-1.50 

GAIN =   8, 131 
-0.0811 0.0000 0.5629 -0.6620 0.5629 0.6620 -0.3654 
-1.7345 0.0000 0.0000 0.0000 0.0000 0.0000 
-2.00 

GAIN =  10, 841 
-0.0811 0.0000 0.6564 -0.6901 0.6564 0.6901 -0.3663 
-1.9206 0.0000 0.0000 0.0000 0.0000 0.0000 
-2.50 

GAIN =  13 ,552 
0.7380 -0.7066 0.7380 0.7066 -0.0811 0. 0000 -0.3668 

-2.0832 0.0000 0.0000 0.0000 0.0000 0. 0000 
-3.00 

GAIN =  16 262 
-0.0811 0.0000 -0.3672 0.0000 0.8112 -0.7151 0.8112 
-2.2293 0.0000 0.0000 0.0000 0.0000 0.0000 

0.6146 

0.0000 

0.0000 

0.0000 

0.7151 

DO YOU WANT NEW KTD,KTD NOW =   1.00 
0*- 
DO YOU WANT NEW KT, KT NOW =  -1.00 
0<- 
DO YOU WANT NEW KZD,KZD NOW =  0.00 
0<- 
DO YOU WANT TO CONTINUE KZ R. LOCUS 
0+- 
DO YOU WANT A TIMEPLT 
1+ 
ENTER KTD,KT,KZD,KZ,GAMP 
1,-1,0,0,10* 
TIMEPLT FOR WHICH LOOP; ENTER 1=1ST, 2-2ND, 3=3RD, 4=4TH 
2+- 

DO YOU WANT ANOTHER TIMEPLT 
CO- 

PROCESSOR TIME = 
I/O TIME 
PRORATED TIME 

15 SEC 
23 SEC 

249 SEC 
TOTAL COST 

$ 0.60 
$ 0.46 
$ 2.49 
$ 3.55 

LOCSAP/MILLER = 1 EOJ 1326 

FIGURE 10. 
(Sheet 5 of 5) 
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K- = 1.0 

L -.4 

FIGURE 11 ROOT LOCUS FOR THE SECOND LOOP 

i  x»io a 
•1.   -.5 

K- = 1.0. Ke=-1.0 

FIGURE 12.  ROOT LOCUS FOR THE THIRD LOOP 
j(D 

+ 1.0 

r+.5 

i« xiO«®* 9-a 

-1.0  -.5 

KQ = 1.0, K0= -1.0, Kz = 0.0 
V 

+ .5  +1 

.5 

L  -1.0 

FIGURE 13.  ROOT LOCUS FOR THE FOURTH LOOP 
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APPENDIX A 

SOME NOTES ON THE CONSTRUCTION AND 
INTERPRETATION OF ROOT LOCUS 

A physical system can be represented by a block diagram composed 
of individual blocks that represent the various components of the sys- 
tem as shown in Figure Al.  Each block is described by one or more 

Input 

KH 
Vehicle 

Control Sur- 
face and Servd 

Vehicle 

Compensation 
Network 

Sensor 

Response 

—► 

FIGURE Al.  A TYPICAL BLOCK DIAGRAM 

differential equations according to Newton's Second Law of Motion or 
its electrical equivalent.  Combining the characteristics of each block 
to form the characteristics of the overall system is quite difficult 
because a signal is modified in both phase and amplitude In going 
through each block.  By applying the Laplace transform 

F(s) 
■/ 

f(t)e 
-st dt 

to the describing differential equations, one obtains an algebraic rep- 
resentation for each block in the system.  It is then convenient to 
arrange this representation in the form of a transfer function; i.e., 
as a ratio of block response to block excitation.  These transfer func- 
tions can be be multiplied together to yield system response to system 
excitation.  It is a relatively straightforward procedure because each 
transfer function is merely a ratio of polynomials in the Laplace 
operator s. 
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Once the transfer functions for each of the bi leen 
formed, it is then necessary to examine the effects of changing vari- 
ous unknown system parameters, such as feedback gain on the system 
dynamics.  The root-locus diagram was developed to facilitate such an 
analysis. As the name implies, it shows on one figure the trajectory 
that the frequency and damping characteristic modes follow as system 
parameters are changed. 

Consider the transfer function 

0 u K(s + a)(s2 + bs + c) 
1 ' s(s + d)(s + e)(s* + fs + g) 

The denominator of the transfer function represents the characteristic 
equation of the system; e.g., the equation describing the free motion 
of the system (the response independent of control input).  It is re- 
sponsible for the general solution of the system of differential equa- 
tions.  The particular solution comes from the numerator. 

It will be observed that all values of s which make the denomina- 
tor zero are solutions of the characteristic equation and therefore 
contirbute a term of the e*fc to the time response.  Since for these 
roots the transfer function is undefined, denominator roots are called 
poles. Numerator roots are appropriately called zeros.  It is customary 
to plot these poles and zeros on a graph whose abscissa is the real 
part of s and whose ordinate is the imaginary part. Poles are commonly 
depicted as x's and zeros are 0fs.  A first order root; e.g., (s + d), 
will always lie on the abscissa. A second order system has two roots. 
They may be real, in which case they lie on the abscissa, or they may 
be complex, in which case they are placed equidistant above and below 
the abscissa. 

Any pole which lies in the right half s-plane represents an un- 
stable motion.  Zeros in the right half plane are significant in terms 
of the type motion only if the system depicted is a feedback system. 
In this case the zeros represent the location of the poles when the 
feedback gain is made infinite.  For zeros in the right half plane then, 
the system will become unstable at some finite value of feedback gain. 
Knowledge of the location of the basic vehicle zeros is needed by 
designers to combine the control system characteristics with those of 
the vehicle to obtain the desired response without unexpected insta- 
bilities. Note also that a zero placed on top of a pole will elimi- 
nate the motion caused by that pole from the time history of the 
particular variable associated with the numerator (6 in 8/6r) for 
example) but from no other time history. 

A pole located at s - -3, for example, means that there is contri- 
bution to the time history given by e~3t#  Thus, the further to the 
left the pole, the more rapid is the subsidence. Conversely, a pole 
at 8 ■ 3 means the motion has an unstable component described by e^t. 
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Stable oscillatory modes, it will be recalled, have roots which 
can be expressed by 

S1,S2 " ~CU)n - ^n^1 " ^ 

Figure A2 indicates how varying either frequency or damping ratio 
separately moves the poles.  It also shows that the product Co^ deter- 
mines the time for an oscillation to decay to half amplitude.  When 
£0^ = 0.591, the oscillation will decay to half amplitude in 1 second. 
Smaller values of the product mean the time to damp to half amplitude 
is longer. 

For further details on the construction and interpretation of root 
locus diagrams refer to Introduction  to Automatic Control Systems, 
John Wiley and Son, 1962. 

X- 
AJ QD 

U) 

Y 

-4a -3a -2a -a +a 

0» 

Damping Ratio ■ cos y 

ü)  » Undamped Natural Frequency 

£u) = Total Damping 

t  = Time to reach 0.95 steadv state value = 3.0/ftu 
ss y * n 

t /t>_  Time to damp to half amplitude - 0.69/^, 

t« * Time to double amplitude (unstable systems only) 0.69/&D 

FIGURE A2.  IMPORTANT FEATURES OF ROOT-LOCUS DIAGRAM 
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APPENDIX B 

EXPRESSIONS FOR THE LONGITUDINAL TRANSFER 
FUNCTION COEFFICIENTS 

where 

The longitudinal characteristic equation is 

Long 
A.   - As'4 + Bs3 + Cs2 + Ds + E 
Long 

3=   -(™-X^)U'-Z^f-Z^'-X^)(lf-^) 

B-l 



c=   - (**'- X^C^'-Z^M; + Z!M (mf- X^)Mf 

+ZKXJ ^x^K +K*jr"i +*±xty 

B-2 



-M'U'-X'.)Z1 * M:X'Z' + A£X'(z'+*»f) MTV Jt'    & JUT   AJL~+ MT  JÜL 1 

+ Kr<*i + XJ.KK + X«M*%   ■ 
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The pitch response transi    jnciion is 

g 

8 _\   _V'2 + y' 
s Long HLong 

where 

-»i>CA -*AK ~K»&Z - % e m 

B-4 



The vertical velocity transfer function is 

w     Nl _ V'3 +V'2 + V+Dw 
s        xong i^ong 

where 
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-*'*>£-*<*^ -»&&• 
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The forward speed transfer function is 

u' .. \    . V'3 + V'2 + Cus' +Dl 
s iiOng L ong Long 

where 
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»«. -  \*-Mi + Mi X^Z+ * *4»~K 

€ 6 c 
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APPENDIX C 

LONGITUDINAL CONTROL SYSTEM ANALYSIS 
PROGRAM - CARD LIST 

(Reverse Page C-2 Blank) 
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SP- T 
TIF 
ILE 
Il-F 

C- 

4H00 

anoi 

3101 

\0n 
301 

31 

3? 

3 3 

34 

FRF F FfiH 
1=LTCS 
3=o/s, 
/|=LCCS 
RLOCKl 
****** 

RF Al K 
RF At K 
niMf NS 
PIMFNS 

niMFNS 
n/DF3l 
RAPT A* 
HF APC 1 
FURvAT 
WHlTfC 
FORMAT 
*RTTF ( 
FORMAT 
RFAP ( 

RF AL 
RtAPC1 
FORMAT 
RFA0(1 

xun» 7 
ZOFLT 

MTH«MT 
1    IF    C I 

WRITF 
1    FOR*A 

WRITF 
1 FORMA 
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p ZWp» V 

1    FORMA 
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K7PFIN,KZ»K/GR(J#KZF IN 

3(M'NZ/0C«)Ml*nF.3(6>»nTnEl(6> 

U?R(6)»0Tl2If6)»0Z0E3*U)' 

MRf<;#    TFCPRT . . .-) 
TFrPKr;   TSL;PHNT = NVAL 
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WHITE (3*5) 
5 FORMAT (/M6X»W*****  OS(J} COEFFICIENTS ALL ZERO  *****») 

GO TO 20 
8 FORMAT (//(12X'"J ■ M3M0X»-0S * N'E?0.12» 

11 FORMAT C/>15X»«J * ">I3>10*#"FCONV « "*El5t8) 
13 FORMAT (//M*»"J * "M3#9X."RnOTR ■ %El 2.5*QX#"ROOT I ■ "'E12.5>) 

OIMENSIONALIZE THE COEFFICIENTS OF THE DENOMINATOR TRANSFER 
FUNCTION 

14 00 15 I»1#NP1 
15 DS(I>«Ds(I>*((L«/U>**(I-m 

IF (lTFCPRT.NE.1) GO TO 17 
WRITE C3M6) 

16 FORMAT r//>?2X»"0lMENsi0NAl COEFFICIENTS") 
WRITE (3*8) ((J,DS(J))#Ja1»NPi) 

17 CALL PRNBM ( N, 0<i# ROOTR#ROnT T # FCONV ) 
00 18 J«1*N 

18 IF (EC0NV(J).r,Tl.5E-09) WRTTEr3#ll) J#ECONV(J> 
IFCIDIMRTS.EQ.O^ GO TO i 
WRITE (3M9) 

19 FORMAT C//#25X#"DIMENSI0NAL RnOTS") 
WRITE (3#13) ((jtRD0TRCj)»R00TlCJ))»Ja1#N) 

20 WRITE (3*21 ) 
2t FORMAT (//) 

1 N«4 
NPl«N*l 

NON-DIMENSIONAL *(S) COEFFTCLFNTS FOR TOWED VEHICLES 

XS(5)»(M-ZWO)*(TY-MOD)*XOFI T*VWD*ZOD*MDELT*XOD*MWD*ZOFLT 

-2OD*MWO*XDELT«»'XWN*(IY-MQO)*ZNELT*X0D*(M-ZW0)*MDELT 

XS(4)«-ZW*(lY-MOD)*XDtLT-rM-ZwD)*M0*XDFLT 
♦XW*Z0D*MDELT*XWD*Z0*MDELT 
♦X0*MWD*ZDFLT4X0D*MW*ZDELT 
-ZO*MWD*XDELT-ZOD*MW*XOELT 
♦XW*(IY-MQD)*Z0FLT-XWD*M0*7NE| T 
♦XQ*(M-ZW0)*MOEl T-XOO*ZW*MHFLT 

0000ll<*0 
00001150 
00001160 
00001170 
oooonao 
00001190 
00001200 
00001210 
00001220 
00001230 
00001240 
00001250 
00001260 
00001270 
000012Ö0 
000012VU 
00001300 
0000131t 
00001320 
00001330 
00001340 
00001350 
00001360 
00001370 
00001380 
00001390 
OOOO14OO 
00001410 
OOOOM^O 
00001430 
00001440 
000U145C 
00001460 
000014/0 
000014Ö0 
ooouuvo 
00001500 
00ÜU1510 
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K 5 < 3 > ■ 

♦XTH*M 

♦ X7*( I 
♦XTH*C 
XS(?)= 
♦XT^*M 
-X7*MO 

xs(1 ) = 

WHlTF 
FORMAT 
no ?■> 
IF    (XS 
WRTTF 

?<S    FpRMAT 
GO   Tn 

2«  FORMAT 

25 

c- 
c- 
c- 
c- 

31 
3? 

33 

34 

35 
3<S 

-7/* 
n*Mt 

T • M g 
y-7* 
//*>* 
w*/n 
*ZfH 

(3,? 
(// 

J=t, 

( 1*2 
if» 

35 
( // 

( TY-Hn 
FL r + xw 
DFLT*y 
nf LT-7 

n) + /\)r 
n )*MQr 

Q*Xr>E| 
FL T + XO 

TH*yDF 
F LT-X7 
1??) 
• ? }X*" 
MHl 
*F.".n 
6) 
1 3 X , " * 

****    x    NIJMFKATOH    *♦**") 

)    GU    TO    H 

****  XS(j> CpLFF K IF.NTS ALL ZFRU  *****") 

M2x,»j = ", 11, mx»-xs = "#£2o.l2n 

niMFNSlnNALI/F    THfc 
FUNcTlHN 

CfHFKTCTFNTS    OF    THE    X    NUKFNATfJH    TRANKEN 

DO   3P    1=1»NPl 
XS(I)SXS(I)#I)CST*((LP/U>**M-I )) 
IF    ( ITFCPNT.Nf .1 )    60    111    Jl 
^NITF (3*1<S) 
HHlTF (3»?«) ( (.l#XS( J ) )» Js1 ,Npl ) 
CALL PRNH* (N,x^»ROnrK#RnriTT*f CONv) 
0Ü 34 1=1,N 
IF (FC0NV(J).r,T..bF-09> HNTTErS'll? J#FCONV(j) 
U ( TniMHTS.F g#0) (,0 T(  3* 
W^ITF (IMP) 
WRfTF (3*13) f (.|»RnoTK( J).RnilTI( J)>, J = 1 , N) 
WNlTF C }*?1 ) 
K = a 
NPlsN+1 

c- 

OOOolbJo 

OOuotbbo 
oooui 5öO 
OQOOlbfC 
00üui5ö^ 
0UÜU15VO 
0 0 0 0 1 ft o c 
OOOuUU 
0 0 0 U 1 6 * U 
000ul6JO 
000U164O 
00ÜU1650 
00ÜO166U 

00ÖU16ÖO 
000 0 16*0 
OOGoUUO 
00ÜU171O 
OOUul7i>0 
OOÜul 73o 
0Ü0U174O 

00ÜO1750 
0 0 Ü U 1 7 6 t 
OOOul/ZC 
00OU17ÖC 
OUOUl f VO 
OOOulflOo 
OOUOlHlO 
000ul«20 

ooouie^L 
oouoi**bo 
OCUOlflCO 
OUOulflf0 
0 0 Ü (J 1 8 8 0 
OUOUlPvo 



C« 
NON-niHENSTHNAL 7(S) COEFFTCIFNTS TOR TOWED VEHICLES 

n 
i 
00 - 

C« 
C 

c 

350 

39 

40 

4? 

45 
46 

47 

7S(5>=(M-XUD)*(TY-MQD)*ZDFI T + 70D 
♦ (M-XUD)*ZQn*MDrLT*ZUL)*(lY-MQn)* 
7S(a) = -XU*(iY-M0D)*Znr.LT-fM-X|i0) 
♦ZO*MUD*XUELT^Zon*MU*xOELT 
♦XQ*ZUn*MDFLT+X0n*7U*MDELT-XU*Zy 
♦ZU*(IY-MäO)*XDFLT-ZUU*MQ#xnEl T 
-XQ*Mun*ZUELT-XOO*Mu*^nE;LT 
ZS(3)«-XX*(TY-MOD)*ZOELT4XII*MO*Z 
♦ZTH*MUD*xnFLT>7Q*MU*xDELT*7Qn*M 
♦XQ*ZU*MDELT*XOn*ZX*MDELT 
-XX*7QD*Mr>ElT-Xii*ZQ*MüELT*fM-xUD 
♦ ZX*( lY-MüO)*XQrLT-ZU*MQ*XnFLT-Z 
-XTH*Ml)D*/DFLT-vQ*MU*70ELT-xQn*M 

ZS(2)3XX*MQ*znEI T*XU*MTH*7nFLT+Z 
♦XTh*ZU*M0ELT+XO*ZX*M0ELT-XX*70* 
-ZX*M0*XDELT-7U*MTH*X|)ELT-XTH*MU 
ZS(l)sXX*MTH*7DFLT4ZTh*MX*XnEl T* 
-XX*7TH*MDFLT-Zy*MTH*xDELT-XTM*M 
WRITE (3*350) 
FORMAT t//#23x#"**** z NUMFRATON 
DO 39 Jsl»NPt 
IF CZSC J).NF.n.n) GO TO 4 «5 
WRITE (3*40) 
FORMAT ( /f 1 ?X.****** ZS(J) r.OFFF 
GO TO 49 
FORMAT   (//n?X#«J   =   % I3Mnx#nZS 

*MIID*XDFLT*XQU*7U0*MDFLT 

XOFLT-XQn*MUn*ZDELT 
*MQ*ZOFLT 

D*MOFLT-KM-XIIÜ)*ZG*MOFLT 

Of I T-(M-XUO)*MTH*ZOELT 
X*XDELT+XTH*7U0*MDELT 

)*7TH*MDELT 

Un*MTH*XoELT 

X*7DELT 
TM*Mu*X0ELT*7^*MX*XDELT 
MnFLT-XU*ZTH*MDFLT 

*?nELT-XO*Mx*ZDFLT 
XTH*ZX*MOLLT 
X*7DELT 

****") 

ICTENTS ALL 7tRn *****"> 

= "#L20.l2)> 

0IMFNSI0NALI7F THE COEFFICTFNTS OF THE 
FUNCTION 

Z NUMFHATOH TRANSFER 

OU 46 (al»NPl 
7SCT)sZS(I)*0CST*((LR/U)** 
IF (ITFCPHT.NE.1) GU TO 47 
WRITE (3.16) 
WRITF ( 
CALL PR 

f1-1)) 

: 3 # 16) 
:3»4?) ((J#ZS(J)),J«1,NPl) 
INHM (NfZ^»ROOTH#ROnTTfFCONV' 

000O190O 
000U191O 
000ul920 
000019JO 
000U194Ü 
000ol95O 
00001960 
00001970 
00001980 
00001990 
000U2000 
0000201C 
00002020 
000Ü2C3C 
00002040 
00ÜU2C5C 
00002060 
00002070 
00002080 
00002090 
000U210C 
000021 10 
000u2Uo 
000U21JO 
000O214C 
00002i50 
000U216O 
000021 7U 
000U21Ö0 
000021VÜ 
00002200 
000u22io 
000022*0 
000022 Jo 
000U2240' 
00002250 
00002260 
000ü22f0 



c 
C' 

no 4 8 J=I»N 

48 IF    CEC0NV(J).rtTl#SE*09)    «RlTEO'lll   J#ECUNV(J) 
TF ( miMHTs.K^.n^  r,n  ru so 
WK T T(-     ( 3, 19) 
WRITE    C3M3>    f (  «#wnOT»tf J)»WGT1< J))# Ja |,N> 

49 WRITF (3»211 
50 N = 4 

NP1«N+1 

NHN-nTWFNSTnNAL f(5) cntTrTfUNTS r(]R TQW^U VEHICLES 

o 
i 

5? 

53 

54 

56 

TSC 
♦ CM 
TSC 
♦ xw 
-xu 
-zw 
TSC 
♦x; 
*ZX 
"XX 
-XZ 
-zz 
TSC 
♦ ZX 
-XZ 
TSC 
-XX 
WRl 
FOR 
on 
IF 
WRI 
FOR 

GO 
FOR 

5)«< 
-xuo 
4) = - 

♦ Mun 
*MWD 

*MUQ 

3)«- 
♦ MUD 
*Mwn 
*Mwn 
*7un 
*Mun 
7 ) = X 
*MW* 
♦ zu* 
1 >«x 
*M7* 

TT C 
MAT 
53 J 
CTSC 
TF C 
MAT 
Til 6 
MAT 

M-xun) 
) * M W n * 
X l.j * ( M - 

*/DFLT 
*/UF| r 
*xnn T 
XX*(M- 
#ZDFI T 
♦XOELT 
*^UFLT 
♦MDElT 
*XufLT 
X*ZW*M 

xDELT* 
MOtl.T- 
X * / Z * M 
ZOfcLT- 

J#5?) 
C//'?3 
= 1 .NPl 
J).Nf . 
3>54) 
t/f13* 
3 
C//C 1? 

♦ (M- 

ZOFL 
7Wn) 
♦ XH!) 
4  (   »!• 

7W0) 
♦ Xw* 
♦Zn« 
-<n* 
-xw* 
-Zw* 
OEl T 
ZU** 
xw*; 
nEi T 

xz*z 

z*n> 
T-Xw 

*MQE 
*MU* 
xuo) 
ZWO) 
*MÜF 
MU*7 
MW*X 
MW*Z 

/U*M 

♦ XU* 
7*XD 
X*MD 
♦ xz* 
X*MO 

**0F 
U*2U 
LT-C 

/DFL 
*MW* 
*M|J* 
I T + X 
•)EL T 
liFL T 
l)ELT 
HFLT 
nELT 
Z/*M 

FLT- 
fc.LT- 
HX*Z 
ELT- 

l T*X 

n*Mo 
M-XU 
T4/U 
7HFL 
XHFL 
M* 7* 
♦ **n 

• ¥ W Ü 
♦ rK<- 
OF I T 
XX*M 
77*M 
DF| T 
77*H 

w n * M ii 
rLT*C 
nWw 
♦ M W 0 * 
T-XW* 
T 
*Ml)€ I 
*MX*/ 

*M/*X 
VUO)* 
*7X*N> 

7WÜ>* 
♦ XZ*M 
w*ZDF 

M*XOE 
♦ ZX**> 
X*XÜF 

n*ZüFL T*Zun*MW(j*xi)F LT 
M-;wn)*Muo*Af)FL 1 
♦MOFLT 
XCFLT + /UU*Mrt*X!)LLT 
7U0*M0FLT-X*n*/U*MUFLT 

T-fM-XUL)*7^*M0bLT 
nELT 
nELT 
MZ*Z 

ntLi 
^x*x 
ll*ZD 
LT-X 
LT-Z 
z*xo 
I T 

'RFLT 

OELT 
FLT*Xw*MX*ZUELT 
U*MZ*ZntLT 
W*MX*Xr)LLT 
ELT 

K»H**** i NUMFRATOK ****H) 

GO 10 59 

***  TSCJ) CPEFFTCIENTS ALL ZERO  *****«) 

O.n) 

X,"J '#!3*in*,MS   =   %E?0. W)) 

niMFNSlflNALlZF   T^E    CPfFFI(MFNTS   OF    THE    T   NUMFKATUR    TRANSFER 

000u22eo 
0Ü0U22VL 
00002300 
000u231o 
000U23*U 
000023 JO 
0O0u234O 
00OU235O 
000U236O 
00002370 
0O0O23ÖO 
000023*0 
00Ou24U0 
000024 lo 
0QÜU2420 
00002430 
000024^0 
0000 2450 
00002460 
00OU24 fo 
000024ÖO 
000024*0 
00002500 
00002510 

00OÜ252Ü 
0000253^ 
0000254L 
00002550 
000o2560 
00OO25/O 
00OO25ÖO 
000O2590 
00002600 
00002610 
00002620 
00ÜU263O 
00002640 
00002650 



C-    FUNCTION 000O266O 
C- 000O267O 

59 HO 60 IM>NPl 00002680 
60 TS(I)«TS(I)*(CLR/U)**(I-D) 00002690 

IF (ITFCP^T.NF.1 ) GO TO ft 1 00002700 
WRITE (3*16) 00002710 
WRITE C3#56> C(J»TS(J))#J«1fNPl) 00002720 

61 CALL PRNRM (N . Ts#ROOTk,ROnTy,FCONV) 00002730 
HO 6? Ial#N 00002740 

6? IF (FCONV( J).r,T..5E-09> WRTTtf3Ml) J'ECONV(J) 00002750 
iFdDlMRTS.EQ.O) GO TO 63 00002760 
WRITE (3M9) 00002770 
WRITF C3,13)((JtRC10TRcJ)#RnnTT(J))t JSJ#N) 000027 60 

63 CONjlNUF 00OO27V0 
c. 000U2800 
C- 00002610 
C- 00002820 

0TnElC6)«TS(b) 00002830 
0TDEl(5)sTS(a) 000U2640 

9       HTDE1 C4)*TS<3) 000u285o 
£       0T0E1(3)*TSC2) 00002860 

OTnEt(2)»TSC1) 00002870 
0TDF1(1 ) = 0.0 00002860 
N«5)Nl0cN 000U28V0 
CALL PRNflM(N#nTnEi,OTüElR,nTDFli»ECONV> 00002900 
WRITE(3>3?01 )r0T0ElR(J10)#nT0FlI(Jl0)#J10«l#N) 00002910 

3201 FORHAT(/#wZFROS OF TO/E 1 « , / , 4 r F9 . 4 , F 9 • 4 ) ) 00002920 
N»aiN12=N 00002930 
00 2000 Hal,5 00002940 
OTE?( Il)MS(Il) 00002950 

2000 CONTINUE 0O0U296O 
CALL PRNRMcN,nTF?fflTE?R*OTr?I.ECONv) 00002970 
WRITE(3#3 20?)(GTE?R(Jl2)#nT(-2T(Jl?)#Jl2 = 1#N) 000U2980 

320?  FUR^AT(/>-7E«ns OF T/t2"P/.4(r9 . 4,F9.4)) 00002990 
0Z0E3C6)*ZS(5) 00003000 
0Z0E3(5)=ZS(4)-TS(S)*U0 0000 30 10 
0ZnF3(4)=ZS(3)-TS(4)*U0 000030£w 
0Z0E3(3)s/S(2)-TS(3)*U0 O0OO303C 



n 
i 

3203 

299A 

3006 

300? 

3003 
3001 

3000 

301A 
3005 

3007 

n/0E3( 
n/DF3( 

CALL P 
WNTTFC 
FORMAT 
WRITF ( 
FORMAT 
«FAPC 3 
TF COFL 
NGATNs 
KTO=KT 
00 300 
RTPFK 
RTOEK 
HT0F1 ( 

RT0F1( 
RT0F1 C 
RT0F1C 
RTPFK 
N = A 
C AL I  P 
On 300 

TFCFCO 
COM TK 
"MTF( 
FORMAT 
WRITFC 
FORMAT 
KTO=KT 

HRITFC 
FORMAT 

RFA0C3 
IF (NV 
WRITF 
FORMAT 
RF Anf 3 
WRITF 

?)«ZSM 
1 ) = "TS( 

M ( N # 
3* *?03> 
(/•"ZF H 
3,2998) 
("ENTFN 

#/)KTOD 
KTn,FO. 
(Kf IJFTN 
nnR(i 

7)=US(7 
ft) = t)S(* 
S)=ns(s 
o)=os(o 
3>=US< * 
?)S0S(? 
1>«ÜS(1 

)-TS(2)*un 
1 )*Ufl 

n£o£3tO?üE3H»n/ür3I»FCÜNV) 
(07nE3Hcjl«>.n7nF3l(Jl4)#Jia=l#N> 
nS   OF    /0/F.3   A^n   //ZUH . /> o( F9 . 4»Fy . o ) ) 

KTnOMG»UELKTn»KTnF!N"»/) 
»G.nELKTb^KTnFTN 
o) r,0 TO 9o 
-KTnnRO/OFLKTP-n 

NGMN 
) 
)-«To*TS(5) 
)-*TD*TS(4) 
)-*tO*T$( 3) 
)-«TH*TS<?> 
>-*TD*TS<1 ) 
) 

WTnEWHrt;THfHnnTT»£CnMV) 
N 
ftT, ,5E«09) WPTTT (3*110) j*tCüN*/(j) 

(KTn 

CROOTR(J)» RUOTH J)#J»1 *N) 
§fO,*)3 
n 

RNRM(N# 
6 J=1 * 
NV(J) . 
UF 
3*300?) 
CFR.2) 
3*3003) 
U(F9.4 
DtOELKT 
3*3000) 
(••DO YOtl WANT rtJ COKTTNliE KTO H. LHCUSH) 
*/)NVAL 

AL .^o. t 
(3*3005 
("ENTFN 
*/)KTO 
(3>3O0H) 

) r,n TO >997 
) 
KTO") 

QUUu3C««o 

OOCOiCöl 
0 U u u 3 0 /1 
00003010 
000U3CV0 
0Ö0U31U0 
000031 It 
0 0 0 U 3 1 * 0 
000u3lJO 
00Uu3l«L 
000u3lb0 
0U0u3i6O 
000u3l^0 
00OuJl8o 
000u31<*0 
OOCo32üO 
000u3?lO 
00003220 
000O32JO 

000U324O 
00OU32^O 
0C0U326O 
000o32'O 
000U32ÖO 
OCÜU32VO 
O0OU33O0 
OOOu331o 
00003320 
0COU33JO 
00003300 

000033^0 
000O33ÖO 
0000 33/0 
OOOU33ÖO 
0CUU3390 
OOOU3000 
0COU3OU 



3006 

o 
3009 

3010 

3011 
3012 

3013 

3014 

3017 
3015 

301 fl 
3019 

FORMAT 
READC3 
IF(DEL 
NGAIN« 
KT«KTO 
DO 301 
RTE2C7 

«TE2C6 
RTE2(5 
*TE2C* 
RTE?(3 
RTE2(2 
RTE2C1 
N = 6 
CALL P 
DO 300 
IFCECO 
CÜNTIN 
HRITEC 
FORMA 

WRITEC 
FORMA 
KT«KT 

C" 
p/ 

KT 
(K 
RG 
2 
>a 
)» 
)a 
)m 
)« 
)« 
)« 

ENTE* KTORG#nFLKT,KTFTN-) 
)KTORG,nELKT#KTFlN 
.EQ.O) *0 TO 99 
TFTN-KTnRG)/DELKT*i 

JD=1#NGAIN 
nsm 
DS(6)-KTD*TS(5) 
DSCt>)-KTn*TS(A)4KT*TSf5) 
DS(«)-KTD*TS(3)*KT*TSf4) 
0S(3)-KTn*TS(?)4KT*TSr3) 
DS(?)«»KTO*TS(1 >4KT*TSr2) 
DSf1 )+KT*TS(1 ) 

RNBM(N#RTF?#ROOTR#RnnTl.ECONv) 
9 Jst,N 

Nv(J) .GTl .5E-09) WRTTF (3*110) J#ECONV(J> 
UE 
3#3010)KT . 
T(FA.?) 
3,301lXCRnoTR(j)#RnnTlrj)»j»i*N>) 
T(4(F9. 4*F9.4)) 
♦OELKT 

WRITE(3#3013)KTp 
FORMAT(wOO YOU WÄNT 

READ(3>/>NVAL 
IF (NVAfEO.l )Gn TO 
WRJTEC3>3014) 
FORMAT("DU YOU WANT 
REA0C3#/)NVAL 
IF (NVAL .EO. 
WRITE(3#3015> 
FORMAT("ENT|TR 

READ(3*/>KT 
WRlTF(3'3019) 
FORMATC'ENTER   K700Rß,DELK7n,KZ0FlNw) 

REA0C3*/)KZD0RGf0ELKZü'KZnFTN 

NtW KTn,0«N0#1«ENT*2atNT»CQMP#KTD 

30161 TF fNVAL.EQ.2) GO TÜ 2997 

TO CONTINUE KT R. LOCUS") 

1) GO Tu 3007 

KT") 

000034*0 
00003430 
00003440 
00003450 
00003460 
00003470 
00003480 
00003490 
00003500 
00003510 
0000352C 
00003530 
00003540 
00003550 
00003560 
000035?o 
00003b$0 
00003590 
00003600 
00003610 
00003620 
00003630 
00003640 
00003650 
00OU366O 

Nnws-,Fe .2) 000036/0 
00003680 

1^90 
000Ü3 
00OO37U 
OOGo 
00003730 
000u3 
0000375^ 
0COO3760 
000O377O 
000u378O 
00003790 



n 
i 

30?o 

30?1 
30?? 

1009 

30?3 

1103 

30?4 
30?«5 

30?A 
3098 

IFCPfLK/n.FO.O) GU TO 99 
\(1AiN = rK/i)rTN-K7nUK(1)/nFLK7f^i 
K7D»K7DClKG 
On   30??   JU«1»NGMN 
RZnc3(7)»oscn 
R70£3C6)«nsC6)-KTÜ*TS(5)*(K/ü/RA0lAK)*7Sf5) 
R/nK3(S)=nS(S)-KTr»*TS(a)*KT*TQ(5)*CK?IJ/RA0lAN)*f7S(a)-T^C5)*^L) 
RZr)F3f4)=PS(a)-wTL!*TS(3)*KT*Tci(A)*fK7n/WAUlAN)*fZSC3)-T^C<i)*Ut) 
R20r3(l)süSf3)-KTl)*TSC?) + KT*T<;f3)*rKZU/RAUlAN;*f/S(2)-r<;r3)*iJL) 
R/nFU?) = nsC?)-KTl)*TS(1)*KT*T<;(2) + rKZ[)/RAlilAN)*(/S(l)-T^(2)*UC) 
RZDF3C1 >«0$(l)**T*TSn)4CK7n/RADIAN)*(-TS(l)*U0) 
Ns«S 

CALL    PRN«M(N»W/nF3fhniTW»RnfiTT#FCf:N?v) 
DO   30?0   vJ=i,N 
IF    (FCPNV(J)    .GT.    .5^-09)    WKITE    (3#U0)   J*tCfiNVfJ> 
COKTINUF J*^lTrC3>31lO)*7n 

WRITE (3#3ovi)(fwnn7Rrj),NniTT(j),jsi,N)) 
FORMAT (<l(FO.A.F9.ft>) 
K/D=KZD*UFlK70 

WRITFC 3# 30QQ)*Tn 
FURMATCnu YOU WANT N'f w KTH. KTU N n W =%F6,2) 
«F ARC 3»/ )NVAL 
if (NVALaQ.n r,a rn 30i«si IF CNVAI .EG.?) GO ro ?997 
WRITFC 3» 30?3>KT 
F(»RMAT(»»nn YHM WANT NfcW KT. *T NL)W 

REACC 3»/ )NVAL 
IF (NVAL .10. 1 ) 
WRITFC 1# 3103) 
FfiR^ATcnü  vnn 
RF AOC 3>/)NVAL 
If    CNVAL .EO.l ) 
WRITEC3»30?5) 

rtlRVATC "ENTER 
READC 3*/Wp 

WRITEC 3.3098) 
FnRMATCwENTFp   "?0RG»0FLK/.KZriN") 

RFAPC3#/)KZnRG,nFLKZ»KZFlN 
IF CPFLK/.F 0.0)   r,H   TO   v9 

rtn   TU   301MTF    fNVAL 

WANT    Til    CHNTTNIIF    K/n    R 

en TO 30 1« 

K7D") 

■W#F«.2) 

•EG.?) GU Tf) 3007 

LOCUS") 

0C0O36U 
0UUu3*<rt 
000038 JO 
000u38ac 
O0O038bC 
00ÜU3860 
00ÜU38/C 
00Uu3^l 
OÜOU38VO 
000O390C 
0000391Ü 
O0OU3VÜO 
0COü39it 
000O394O 
OCOü39bO 
0Ü0U396C 
0U0U397C 
0000390b 
000U39V0 
00ÜU40UC 

noüufiou 
00004020 
OOOO^OJO 
ooouacMO 
0COU105O 
OOOuAOoo 
000040^0 
000U4CÖU 
OUOU/iOVC 
oouoaioo 
OOOuai It 
000U4120 
OOOUM JO 
0COU414C 
ooouaibo 
0 C 0 0 A i 6 0 

0C0UA1 /C 



NGAIN«(K?FIN-K7nRG)/0ELKZ+1 00004180 
KZ»KZORG 00004190 
00 3029 JD=1»NGAIN 00004200 
RZZ0C8)»0s<7) 00004210 
RZZ0(7)«0S(6)-KT0*TSC5)*K7n*Z^(5) 00004 220 
RZZ0(6)«DSC5)-KTD*TS(4)*KT*TSf5)4>KZD*(Z$C4)-TS(S)*U0)-K7*ZS(5) 000042 30 
RZZ0(5)«0S(A)-KTD*TS(3)4KT*TSr4)4KZD*(ZS(3)-TS(4)*UQ)-K7*(ZS(4)   00004240 
-TS(5)*U0) 00004250 
RZZ0C4)«0S(3HKT*TS(3)*KZD*fZ«;C2>-TSC3>*U0)-KZ*rZS(3>-TsC4>*00)   00004 260 

-KTD*TS(?) 0G0Ö4270 
RZZO(3)anSC?) + KT*TS(?) + K7D*rZ«;(l)-TS(2)*UO)-KZ*CZS(2)-T5;(3)*UO)   00004 280 
-KTD*TS(U 00004290 

RZZ0C?)*ns<1)*KT*TS(!)-KZ0*TSfD*U0-KZ*fZS(ll-TSC2)*U0) 0000 4 300 
R^Z0(1)S"KZ*(-T^(1)*U0) 000U431C 
N«7 0000432o 

CALL PRNBM(N#RZ70,R00TR,RnnTI.EC0Nv) 00004330 
00 3027 J«1,N 0000434t 
IF CECONV(J) .GT. .5E-09) wRUE C3#110> J#ECHNV(J) 00004350 

? 302?   CONTINUE IWRITF(3»3110)K7 000Ü436U 
£         GAlN«KZ*ZSC5)/nS(5) 00004370 

WRlTE(3*3?50)GAIN 00004360 
3250   FOPMAT(HGAIN 3W^8»4) 00004390 

WRITE (3>3O28)(rRÜ0TRcJ)*RnnTT(J)#J"1#N>) 00004400 
3028   FORMAT (4(F9.4,F9.4)) 00004410 
30?9   KZ-KZ+OELKZ 00004420 

WRITE(3#3099)KTn 00OU44 30 
READ(3#/)NVAL 00004440 
IF (NVAL.EO.l) GO To 3016JTF fNVAi.EQ.2.) GO To 2997 0GÜ„4450 
WRITE(3#30?3)KT 00004460 
REA0C3'/)NVAL 00004470 
IF (NVAL.EO.l) GO TO 3017MF fNVAL .E0.2) GO TO 3007 00004480 
HRITF(3#30 32)KZD 00004490 

3032 F0RHAT("D0 YOU WANT NfcW K7n,K7D NOW »"#FÖ.4) 0QOO450U 
REA0(3*/)NVAL 000U45U 

IF (NVAL .FQ.1) GO TO 30?4I IF C N V A|_. EQ . 2 )G0 TU 3OI8 000u452<> 
WRITE(3#3033) 000u45JO 

3033 FORMATCOU YQU WANT To CONTINUE KZ R. LOCUS") 00004540 
REA0(3#/)NVAL 00004^50 
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9100 

9006 

9007 

9101 

9008 

9009 
9103 

o 

9010 

90H 

901? 

GO TO 9 
GAIN'GA 
WRITEC4 
rORMATC 
WRITEC* 
FORMATC 
GO TO 9 
GAIN«GA 
W&ITEC4 
FORMATC 
WRITECA 
FORMAT( 
*ZDE3(7 
RZDE3C6 
RZDE3C5 
RZDE3(4 
RZDE3C3 
*Z0E3(2 

RZn 

CALL PR 
00 9010 
IF (ECO 
CONTINU 
W&ITEC4 
FORHAT( 
NRITEC4 
FORMAT( 
GO TO 7 

103 
MP*(T 
#9006 
T1MH 
#9007 
4(F1? 
103 
MP*(Z 
#9008 
I1#IH 
#9009 
4(F1? 
)»0S( 
)«DS( 
)=0S( 
)«DS( 
)»0S( 
)»0S( 
E3(l) 

S|9)/0SCT1) 
)Nl?#GAlN 
* »Fl5.5*2H'*) 
)((nTE2R(l2)#nTF2T(l2))#I2i 
.5#1H#)#tH/) 

1#M2) 

SC51/DSC7)) 
)N1Q,GAIN 
##F15,5#2H#*) 
)((nZ0E3«(l3).n70r3I(!3))#I3»l#Ni4) 
.5#1H#)#1H') 
7) 
6)-KTD*TS(5)*K7D*7S(5) 

5)-KTD*TS(A)>KT*T<;(5UKZD*(ZS(4)-TS(5)*U0) 
4)-KTD*TS(3)*KT*T«;(4)4.KZD*(ZS(3)-TSf4)*U0) 
3)*KT*TS(3)*K7n*(7S(2)-TS(3)*U0)-KT0*TS(2) 
2UKT*TS(?WKZn*(7S(l>-TS(?)*uO)-KTD*TS(l> 
■OSf 1 )4-KT*TS(l)-K70*TS(l)*U0 

NRM(N#RZnE3'R00TR#RnnTT'ECONV) 
J«1 »N 

NV(J) .GT. .5E-09) WRITE (3#110) J#ECn*V(J) 
E 
#90U)N 
I1#2H#*) 
#90l?)((R00TR(j6)#R0nTT(J6))#J6*t#N) 
4(F12.5#1H#)#1H/) 
7 

9102   GAlN»GAMP*((-KZ*ZS(5))/DSf7)) 
WRITE<4#9013)NU»GAIN 

9013 FORHATCJ1#1H##F15.5,2H#*) 
WRlTE(4#90l4)((nZÜE3«(J7),n7nr3I(J7))#J7«l#N1<i) 

9014 F0RMAT(0(F12.4#1H#)#1H/) 
RZZ0(8>»DS(7> 
RZZ0(7)«0S(6)-KTD*TS(5)^K7n*Z^(5) 
RZZ0<6)3DS<5)-KTO*TS(4)+KT*TSr5)+K70*C2S(4)-TS(5>*UQ)-K7*ZSCS) 

00004940 
00004950 
00004960 
00004970 
00004960 
00004990 
00009000 
00005010 
00005020 
00005030 
00005040 
00005050 
00005060 
00005070 
00005060 
000050VO 
00005100 
00005110 
00005120 
00005130 
00005140 
00005150 
00005160 
00005170 
00005160 
00005190 
000U520C 
00005210 
00005220 
00005230 
00005240 
00005250 
00005260 
00005?^ 
000052^0 
00005290 
00005300 
00005310 



o 
I 

C« 
C 
c- 

R?70 { 5 ) «PS f 4 ) -KTl) W S{ O +K T * T S r 4 ) + K 70 M 7 S f 3 )- T S( 4 ) *U0 ) *K7* (I $ ( 4 ) 
-TSC5>»UU) 

R77n(4)«nSf 3)+KT*TS( 1)>KZn*rZ«;(?)-T5(3)*lib)-K/*f/SC3)-T<;(4)*üb) 
-KTn*TS(P) 
R2ZO(.1)»DSC?)fKT*TS(?)*K7n*f/«;ci}-TS(?)*UÜ)»KZ*fZSC2)-Ts(3)*Uü) 

•Kt0*T$(1 ) 
RZZ0(?) = fKSClUKT*TS(1)-K/n*TSrl)*',n-KZ*(ZSCn-TS(?)*L 
R/Z0( 1 )=-K7*(-Tc%( j )*l1( ) 

N = 7 
CALL PPNtf*.(Nj,H/70#RGnTK»HpnTI »ECOM') 
HO 901S Jr1,N 
n   CFCöNV/(J)   .GT.   .bf-nv)  WHITE  (i»no)  J^ECOMVCJ) 

9015 CUNTTMJF 
WRITF M,9(M*)N 

9016 F0R*'AT( T t »9'H* * ) 
NRlTCC*#9017)((PnüTR(j9>»RnnT|<J9))*J9«1»N) 

9017 FOR»AT(4(f 1?.S,IN, ),1h/) 
77   WRITF(3,g0i8) 

9018 FpRMT(w0(j    Y UI •   WANT    A \ 0 T H F P    T T M E P | T " ) 
R(- AOC 1»/ )NVAL 
IF(K\/AL.KIJ.1 )    r,n   TO   88 

99   CPNTIMJF 

NflW   WRITE    PROGRAM   COS 1     MFnPMATl0K 

ITl=TTM£(2)/60.nJ XM1=o.OS*TTi 
lT? = TiMp(;o/ftO,o; X M 2 = 0 , 0 3 * T T? 
TT3=TlMF(7)/60t0J    XM3=0.0l*TTi 
XV4=XM14XMP+XM3 
WRITF(3»51)    ITI,XM1,T|?#XM7»IT3#XM,XM4 

SI    FORMAT    (/>"   PRGrESSOR   TIMF    =   "fI5#"   StCw»bX *■5n>f6.2*/ 
"   I/O   TTMF =   Mb,"   <;FC">5X,»S%F6.2,/ 
"   PRÜRATFD   TI^E      =   " ' 1 5 t "   SF C" » b X » " SH ' F<S . 2 ' / 
?0X."TOTAL    CÜST      »9«$»*F6m9) 
STOP;FNO 
SURRHUTlNt PRNBM (N,A,U,\/,KüVV) 

niMFNSlON Acfl)f»i(fl),Vf8)»FCMN\/(8).M(P),H(a>#C (8) 
ICOUNT«! 

CGU»,53<:o 
OOOl53Jo 
COUob 3^0 
000u53bv, 
000U536O 
0UUu53'0 
000o53d0 
OUÜO53VC 

0C0u540o 
000u5« 10 
ouoo54ia 
00 0u54jo 
00Uub'J4v, 
00Uu54bo 
000U54GO 
OÜ0U54/O 

O0üU5«dO 
ooou^vo 
OOOübbOO 
OüOubblo 
oooubb<a 
OOOObbJO 
000ubb<*0 
000o5bb0 
OOOübböO 
000u5b'o 
OOOObbÖO 
00Oub5S>O 
00ÜU5600 
0Ü0U56 10 
000ub62o 
00ÜO5630 
000u5fc<*t 
OOOUböbv, 
00005660 
000056/0 
000U56ÖO 
000O56VO 



EFlX«.5E-09 00005700 
C0Nv«l,E*3S 00005710 
NC«N*1 00005720 

C- 00005730 
C-    SEND COEFFICIENTS TO REDUCFO COEFFICIENT STORAGF 000057*0 
C- 00005750 

00 1 I»1fNC 00005760 
ECONVCI)«0.0 00005770 

1 HCI)sA(T) 00005760 
C 

C 

00005790 
c«   INITIALIZE GUESSES ANO SET REVERSAL INDICATOR NORMAL ooooseoo 
C- 00005810 

P«0. 00005820 
Q"0.0 00005830 
««0. 00005840 
IREV»1 00005850 

C- 00005860 
C-    SCALING To BE OnNE AT THIS POTNT AND REMOVE ALL ZERO ROnTS 00005870 

<p C- 00005880 
g      2 IFCH(NC)) 4*3M 00005890 

3 NC»NC-1 00005900 
V(Nc)«0.0 00005910 
U(NC)«0.0 00005920 
GO TO 2 00005930 

4 IFCHC1)) 7,*>,7 00005940 
5 NC»NC-1 00005950 

V(NC)»0. 00005960 
U(NC)»0. 0000597C 
DO 6 !»1»*C 00005980 

6 H(I )»H(TM) 00005990 
GO TO * 000O6000 

00006010 
C-    TFST FOR VARIOUS DEGREES 00006020 
C- 00006031 

7 IFUCOUNT.LT.?) GO TQ 8 00006040 
EC0NV(IC0UNT-1)»E 00006050 

8 IC0UNT«IC0UNTM 00006060 
9 IFCNC-1) 10*50#10 00006070 

I 



c 
f ■ 
c 

o 
i 
M 
VO 

o 
c- 

in IFCNC-?) 1?#!!»1? 
11 »«•NM)/N(?1 

GO Tfl 17 
1? TFCNC-3) l^llH'i 
1 3 PsH(?)/HCJ) 

Q = HC1 )/H(3) 
G n T o * ? 

TEST Tfl RlVFRSE COEFFICIENTS ANU RH SLI IF U <; 1 SUCCEEnS 

1*  IF(A8S(M(NC1 )/H(NC)}-ABSf*(3>/MM >)) 1*>#2l .Ü1 

00 1*  1 = 1 t M 

F=H(Nl ) 
M(NL) = HC I ) 

1ft h(T)=F 
IF (Q) 1R»17,1« 

|7 P.O. 
GO TO 19 

1R PsP/Q 
Oal ./Q 

1Q IF(H) ?0'?1»20 
20 Rsl./H 

NEWTON» CALCULATE F(«) AND UQT FCR ROOT 

21 E=FFI* 
P(NC)sHfNC ) 
C(NC)=H(NC) 
R(NC*1) = 0. 
C(NC*1)=0. 
NPsNC-1 

??   no 35 J=1»1000 
OU ?3 11=1,NP 
I»NC«I1 
8( I )=H( T >*P*H( U1 ) 

000o60*v> 
OOÜUÄOVt 
00ÜU61 uc 
0CÜU61 lv, 
000u61*0 
00006 1 Jo 
OÜÜ06HC 
000O61bo 
00UO6160 
000U61 f\* 
0ÜÜU61ÖC 
00OO61V0 
000u6200 
000062 lo 
00006220 
000062 Jv, 
Q000624L 
000o625o 
000 0 6260 
000 0 6^^0 
000062ÖO 
000O62V0 
00006300 
00006310 
000O6320 
00OO633O 
000063^0 
00006350 
00006360 
000063^0 
000o63«0 
000063*0 
00006400 
0000641^ 
000 0 64*0 
000u64JO 
ooou64<*o 
Q00O645O 



c« 
c« 
c« 

C' 
c 
c 

o 
i 

O 

c« 

C 

23 

24 
25 

26 

27 

2« 

29 
30 
31 
32 

33 

34 

35 

36 

C(I)xB( f)*R*C(Ul ) 
IF(ABS(B(1)/H(1))-E) 37>37»?4 
IF(C(2)) 26,25*96 
R«R*1. 
GO TO 27 
R«R-BC1)/C(2> 

MAKE A BAIRSTOW REDUCTION AND CORRFCT 

00 28 Il«lfNP 
I-NC-I1 
B(I)»H(I)-P*B(Ul )-Q#B(I*2) 
C(I)«B(!)-P*C(U1 )-Q*CCI*2) 

TEST FOR CONVERGENCE OF BATRSTOW PROCESS 

31 # 31.12 
31#31.12 
42*4202 

37 

IFCHC2)) 30*29*10 
IF(ARS(B(2)/HCn)-E> 
IF(ABS(B(2)/H(2^-E) 
IF(ABS(B(1 )/HCn)-E) 
CBARsC(?)-B(2) 
D«C(3>**2*CBAR*C(4) 
IF(D) 34*33,34 
P«P-?. 
QaQ*CQ*l.) 
GO TO 35 
P«P4(B(2)*C(3)-«(1 )*C(4))/n 
Q«Q*(-B(2)*CBAR4B(i)*C(35VD 
CONTINUE 
E«E*10. 
IF(E-CONV) 22>2?'36 
CONVsE 
GO TO 4? 

LINEAR,  COMPuTr AND STORF  LTNEAR HOOTS 

NCrNC-1 
V(NC)=0. 

00006460 
00006470 
00006460 
00006490 
00006500 
00006510 
00006520 
00006530 
00006540 
00006550 
00006560 
00006570 
00006560 
00006590 
00006600 
0000661C 
00006620 
0000663^ 
00006640 
00006650 
00006660 
00006670 
0000666t 
00006690 
00006700 
00006710 
00006720 
00006730 
000U674C 
0O0U6750 
00006760 
000U6770 
000 v, 6 ' 
000u679C 

OOOut 
000U6610 
00006820 
00006830 



c 
c- 

o 

C« 

c« 
c 

c 
c 
c 

IF ( M F V )    3 « . 3 9 » * 9 
3ft   U(NC) = 1 ./'< 

GO   TO   4 0 
39   U(*»C>S« 
'|0   n()    Al     T=t#Nf 
41    H( T ) = H( \ + \ ) 

GU   Tf)   7 

QUACWATK.     snU'F   «UAhHATir   AMI)   STnHE  HOOTS 

a? NCSNC"? 
I F ( I R £ V ) MH'W^'J 

M QP*1./Q 
PP=P/fQ*?.0) 
GO Tn as 

AA QP=G 
pp=p/?.n 

AS Fr(pp)**?-QP 

I F ( F ) A 6 • A 7 "17 

CASE OF IMAGINARY HUHis. 

46 U(NC + 1 U-HP 
•J(NC) = -PP 
VCNC+1)=SUKT(-F) 

V(NC)=-V(NC+1) 
GQ TO M 

CASF    nF   RtAL    ROOTS 

A7   U(N01>s-STGNCAQS(PHWSQ«TfM.PH) 
VCNC + 1 ) = 0# 

U(NC >»QP/UCNC*1 -) 
V(NC)=0. 

FORM NEW KFOUCEn COFF»- ICIFVTS 

Aft 00 A9 T=1#NC 

000u6fl<*0 

00006660 
OOGu6S70 
000O68M0 
000O669O 
00OO690L 
000u69l0 
000u692o 
0C0O69JO 
00 0u694o 
00006950 
0000696V, 

000o6970 
C0OO69Ö0 
0000699c 
0G0o700o 
oooo7olo 
00OO7C2O 
OCUu7o3o 
000O70A0 
000o70bo 
000o7C6u 
000U/Ü/U 
00007080 
00007090 
00007100 
000u7110 
OOOOM^O 

000O71JO 
0 0 0 0 / 1 A 0 
000u7l50 
00OOM60 
000071 70 
00OO71OO 
0 0 0 0 719 0 
00007?00 
00OO7210 



49 H(I)*BCI+2) 00007220 
GO TO 7 00007230 

50 RETURN 00007240 
ENO 00007250 

K> 



APPENDIX D 

TIME HISTORY PLOT DIAGRAM CARD LIST 

(Reverse Page D-2 Blank) 
D-l 





«.CARD 

FIIF 
FIH 
FILF 
FII F 

c- 

C- 

FKEFFHRM 
I=TTMFPI T/nArA,nNTTsnisK,sft\/F-ioH nCK,Hi nCKiNiis.i»HECnwn-io 
?«D/HfUMT«RF*UTE*lOCK»REC"Kns9 
3SPR|ASP»HMTSPP! *T| R#RFCn»n«l5 
ft«FORP/DSK,U^TT«OlSK*S*VE«10#l OCK» AHEAa«5000#RtCOWU«30 
5*APFR/OATA,UNIT*DISK»SAVFs10.LOCKfHLüCKTNQs^»KFCüRC*10 
RFAL   NG 

DIMENSION   Xi ftREi (?)f Yl AHEl f 1) .COM PL ( a ) » Ti TLFC 11 ) 
D J*ENS IHN   NG(14l»nG(l4)#RnnTRflOiRCUUMlu),nLTPUT(10()2)»T(10 0?)» 

FPRfF r*»?).Nf(S),MMb)»7fKUHC 1 ü ) ' 7L Rf) I ( 1 C ) 
COMMON    Tf)F 1$ TMAY 
DATA    FnKC|-/wlMP|l-,-STb^w»-pAwP"*M^!jlSM»MNAMPM,»«si^Lw»ML<;FM, 

t»   *,H   W,"F","STFP,,.,,SO in*/ 
OATACXLA^H CI >»T = lf2Vl2HTTME.(SFC1      / 
nATACYLAMEL(M'T = 1#3)/19hnl,TpiiT-RF<;pGN«;r / 

****TTMFPLT/H||MP**    snuRtE    [*    T I MFP|_ T /SHK SF    UN«    D.F.    HLMRHREYS 

ITF=n       I       *K=-t 
Q9   FCWHATf//»w******   WOW#R|fW    TMF    PROGRAM   PLOT/HUMP******! 

ö 100    FtlRHAT («FlO.i) 
w 1 OS   FDNMATC tF?n ,Q ) 

F(l«MAT(5FlS. |> 
HE A[H 1 >4000)    C IT MFC T )> 1 = 1 . 1 M 
F[)RMAT( 1 1 Aft) 
RFAnci»/    )TF»TOrl. •TMAx»RT!MF,priMF,WMPLUTMwhirE 
REA0(l'/*EN0»1)TNGMlfGAlN 
IF ( TNGM 1 >G1 .0)00    III   ? 
ZfcKOC 1 ) = -1 .       I       Gü    TL   ?1S 
*EADn#/)C7FH0RfI>,ZEKni(T)f i,i,iNr,Mi) 
R|A0(1»/)IDGM1 
RtA0(l#/)(RO0TRrD#R0üTl(T)»Isl#inGH1) 
IF ( INGM1 ,GT. 1 )G0    T[l   ?1? 
\G(1 )s-/fHnw(1 ) 
N G ( ? ) = I N G M 1 x 1 . 
TNG=TNGM    ♦    1 
GU Tn lx 

->\7   CALL CPMFYCZERnp»/ERni»lNGMi»iuGf UG) 
A CONTINUE 

C- 

10S 
106 

aooo 

1 

? 
?15 

OOüuOCOt 
0 Ü U U 0 C 1 c 
OGOuOO^o 
000u0ü3c 
OOi/UOC^O 
OOOuOObO 
OOOUOOtoC 
00000071 
OOUuCCeo 
0 0 01.0 C 9» I 
0 0 U U C 1 0 I 
OOOi.Ol u 
OOOuOl^t 

OOOuOliC 
0 0(Ju01<*v. 
OCOuOlbL 
OCOOClöL 
000UC1 /t 
OCOnOldC 
OOOUOl^o 

OOOOOPCO 
0 0 0 u 0 2 U 
000002*0 
OOOUOP^t 
00000230 
0 0 01/ 0 ? <J o 
000ü02bl 
0Q0u026o 
000u0?70 
000002ÖO 
0GCUC29o 
000o030o 

000U03U 
OOOOC 32C 

O00u033^ 
0 C 0 U 0 3 <4 C 
OCOu035o 
0 0 0 (, 0 3 6 0 



c« 
c« 

KK*KK*1 
ITF*ITF ♦ 1 

107 FORMATMHi) 
AMP>GAIN 

C« 
C« 
C" 
C« 
C« 
C 
C« 

IF 

CALL 

WRITEC 
208 FORMAT 

WRlTEC 
tp   9« FORMAT 
4> DO 70 

70 WRITFC 
101 FORMAT 

IFCING 
210 FORMAT 

DO fl? 
82 WRITEC 

209 FORMAT 
216 WRITFC 
102 FORMAT 

DO 80 
80 WRITFC 

103 FORMAT 
WRITFC 

104 FORMAT 

IFCIF. 

FORCING 
:F«O 
F*l 
F«2 
F*3 
F«4 
Fa5 

TIME 

3,208)ITF 
C/*lX, ■« 
3,98) 
C   /   P 
Ub TNG 
3M01 )WN 
(10X,"N<iC 
Ml,£0.0)6 
C////10X, 
I«1,INGM1 
3,209)1,Z 
ClOX,"ZFR 
3,10?) 
C////10X, 
I«1MDGM1 
3,103)1,R 
ClOX,"ROO 
3,104) IF 
C////1X, 
THIS IMPL 

" AM 
F0.3) WRI 

FUNCTION TNOlrATOR 
IMPLIES AN TMPULSF 

A STEP IMPLIES 
IMPLIES 
IMPLIES 
IMPLIES 
IMPLIES 

A   RAMP 
A   PUL*E 
A   RAMpSTEP 

*nru*«^o    A    SINUSOID 
f IF*AMP#PTTMF»RTIME,W,OUTPUT#TMO'NG#ING,ROOTR' 

R00TI,I0GM1,IfOOE) 

♦ ♦♦♦TIME RFSPOwSE RUN NUMBER",13," ♦♦*♦*«) 

10X,WTHE CHFFFTCIENTS OF THE NUMFRATQR"/) 

GCI) 
•t,Il,")*»,Fl7 
n TO 216 I 
"THE ZEROS OF 

7) 
WRlTEC3*?10) 

THE NUMERATOR"/) 

rRORCD^ZERPTC T) 
nC"#I1#")«"»Fl7.7#M   ♦   J   ",U7.7) 

'THE ROOTS OF THE DENOMINATOR"/) 

nOTRCI)#ROOTTC T) 
TC%Il*")a". Fi7.7," «■ J ",F17.7) 
,(F0RCECIF*1,Ii»I»1#2),AMP 
-THE FORCING FUNCTION INDICATOR CIF) «*,T3>/# 
TES THAT A ",2A4," INPUT WAS USED«"»/* 
PLITIJ0EO".F17.7#//> 

TFC3#205)   PTTMF 

000O037U 
00000380 
00000390 
00000400 
00000410 
00000420 
00000430 
00000440 
00000450 
0000046U 
00000470 
00000480 
00000490 
00000500 
00OU051C 
00000520 
0000053C 
00000540 
000005bC 
0000056C 
00000570 
000005ÖC 
00000590 
00000601 
000<:C6lO 
00CU0620 
000<J0630 

00000640 
OOd -650 
OOo 0660 
000-.v - 
00'- -06Ö0 

690 
00000700 
O0ÜOC71L 
000007ÜÜ 
OOOuOMO 
OOOuOMO 



Tn ",F10.<U" SFCÜNDS."} 

ö 
i 

POS F(1RMAT( /?nx."PTTM£=",Fl7.7) 
IF(IF• tQ • A1 *R i Tr ( 3»7p n ) RT T '*F 

?na FORMATC /?OX»MNTlMF WAS An.M'STFl) 
U ( IF.FU.b) wRfTF ( J,P<)6)H 

POA  FPRMATC/   ?n)i,T^gi)ncr = %n7;n 
IF    (ICCRF.FQ.n)   GU   JP    30?JW«ITE(3.96)ICDOL 

gft   FCRMAT(//,"    TrllDE   =%lin) 
IF(icnnr.FQ.i)  MRIT£CJ#?OI I 

?n\       FnRMAT(//10X»"THF    C(1"H_FX    pflwT    QF    TK    OUTPUT 
"STGMF ICANT") 
IF(ICOQF .FO.?)WPI TF( 1*20?) 

20?      FnRMAT(//inx,"Mu|.T IPl t    PHOTS   r NC UU NT FK FO" ) 
IF( TCüDF.L^.3^    W^ITt fJ.pOll 

203      FORMAT(//10X»"«AO   FNThY   -   fhFrK    PflYNUMML    OHUFKS 
IFC rconc.NF.O) on TO 1 

30? XMAX=T(t) 

XMlN = T( 1 ) 
VMAX = ÜUTpHT C t J 
YMIK*nUTPHT( 1 ) 
FLF!^Uv=TMAX/TnF:i 
I IM = FLFN»'M 4-    1 .0 
fHl 600 K 1 = 1 , I TH 

H(T(KI).LT.XMlN)XMIN=r(KT> 
IF(TfKl).GT.XMAy)XMAX = TrKM 
IF(ri|IPnr(KI).GT.VMAX)YMAX = nllTPUT(kI) 
IF(Ci)TPur(Kl).LT.YMlN)YMlK = niTPuTCKl) 

AOO CPNTTNUF 
WHlTF^ 3,97) 

9 7 FORMAT (1 HI .////.HX^TlMf",, ^x . wUuTPUT">/ ) 

on io isi,in#? 
10 WRlTFC3#?on)T(li»OUTPl-T(l ) 

POO FMRPAT(?F17.7) 

w*ITF(3»107) 
IF( iWRlTh .FQ.O)r,0 T(3 ) l 
I T F R = 1 

WRITF(5*P13) 
WRlTF(S,?lA)lTF.p#TMAX,lD''Ml.TTH 

PI 3 FORPATC 30X) 

y/FCTüR ÜFCAMR:-» 

OF T.r,") 

OOUu07bO 
000u0760 
00CU07/L 
OQUU07ÖO 
OOOuC/Vu 
OOUuOHCO 
ooouoeio 
OÜUUC820 
000u0830 
OOUOC^O 
OÜOOOÖbO 
000U0860 
ooouoefo 
000U08ÖO 
000O0890 
000u09o0 
00000910 
000U09ÜO 
00UU09Jc 
0000094t, 
00OU09bO 

0 0 0 U 0 9 ö L 
000OC9/O 
00000980 
0O0U0990 
OOOulOUu 
OOOUtOlO 
0000t02o 
0000103b 
000010*0 
000O105L 
00001060 

000U107L, 
0OOU10ÖO 
00001090 
oooui loo 
OOOul1 10 

00UU1120 



214 FORMAT(T5,F10.1.215) 00001130 

C- 0000114Ü 

12 NRITf(5#207)(nUTPUT(I)#Ial.TOl 00001150 

207 F0RMAT(5(E1?.5#1X)) 00001160 

11 CONTINUE 00001170 

IF(lPLOT.£0.0)Gn TO 1 00001180 

DX»(XMAX-XMlN)/7. I 0Y»(YMAX-VMIN )/5 . 00001190 

IF<AB$CDY).GT..00001)GOTOmi t NRITE<3,301> 1 G0T01 00001200 

334 IF(KK,GT.O)GQ TH 700 00001210 
CALL PL0T(0,-l2,-3) )      CAIL PL0T(1,l#-3) t      GO TO «00 00001220 

700 CALL PL0T(i?#0f-3> 00001230 

800 CONTINUE 00001240 

301 FORMATC///»*  ******N0 PLOT FpR LAST OUTPUT****** "> 00001250 

A«0. ) IFCYMIN.» T.o..AND.YMTN*DYx5.GT.o.)Aa-YMIN/DY 00001260 

CALL AXlSCo#A,X|A6EL»-ll*7»n#*MlN,0X) 000ol?7C 
CALL AXIS(0*0»Y| AREL»)5»5*90'vMIUpnY) 0001 ^00 

CALL LINFCT#OUTPUT>IIH>1#0.1*XMIN,DX#YMIN,DY) OOC 
GO TO I OOOC IJ 300 

V      3 CONTINUE \       IFfIPL0T.EQ.O)G0 TO ?17 0000i3l0 
o\ CALL PLOT(0,0#9Q9> 000'.' 1320 

LOCK 4 0000133C 

C- WRlTE(?#t07)  IC-  WRTTF(9*99) 001340 

217 STOP 00001350 

END 00001360 

SUBROUTINE CPVAI (RES»ARG»X•TDTMX ) 00001 

COMPLEX RES#ARG 00r  J8U 

DIMENSION X(20> ooc 
RES«(0,,0.) 000« !QOO 

J«I0IMX ooc 
1 KF(J)3'3'2 
2 RES«RES*ARG*X(J> 0OOÖU3U 

J»J-1 000ul440 

GO TO 1 00001450 

3 RETURN 000. 1460 

END 000ci470 

c«*****#****************************************************** *****#****000ül4ÖC 
c- 00CM490 

C-   f PURPOSE" 000O1500 



C 
C< 

C 
c- 
c- 
c- 
C' 

c 
c- 
c 
c 
r 
c- 
c« 
c 
c« 
c 
c- 
c 
C" 
c« 
C" 
c« 
c« 
c- 
r 
c 

c- 
c- 
c« 
c« 
c 
c 
c 
c« 
c 
c- 

TMf   ptIKPnSF    nF    THF«,   $»JHWnUTTN£     TS   TU   HtTtRMlNE    THE    !?«[ 
R*spnNSF   Nr   AN   INPLT   rr   ,•   r«ANsrEH  FUfcCTlfiN  HY   TAKING  THE 

INVERSE    LAf'L^CL    !»ANSFn»«    «Y    fhr    M^THHU   CF   RESIDUES. 
INTRODUCTION    TO   Ai'THMAur    rHM^L    SYSTEMS    -    HÜBEST   N      CLANK 
(pp   70  -   r?) \ 

VAKlArtLFs" 
AMP - AMPLITUDE OF 
PTT^F - PHI Sr 1 IMF 
RTI^F - RA'«P TjMr 
W - FNtOnFMCv Of T 
CllTpHT - V/FCTHK or 
T - VFCTfiR Or SF.OD 
Tn - NUMBER nF Out 
Mi " ^LCTflR nF N|UM 

TNC, - DIMENSION OF 
ROOTR - VFCTHT Of 
RnOTI    -   \JfCjnH   OF 
lnr,M1   -   NijMRrR  Or 

ICGDE    -   RETijRN   CUD 
icnnrro iv 
Trnnr=i IM 

Vf 

THF    rpRrlNG    FUNCTION 
(SpFC FF TFÜ    Fflfi    fF = }) 

(SPfccu irn  FfiR   if *4 ) 
HE    STMiiSnIOAL    INPUT    (SPFCIFIEO   FüH    T F =5 > 

CA|,rii|  ATF.D    WFSpClNCF    AMPLITUDE    V/A L I f F b 
F NT I Al     TrMfc    V AH'F S    OIHFrTLY   RELATbn    Tu   C.LTP< 

PUT   VA| HFS   CCALCULAUü) 

FRATPIP  COEFFICIENTS 

THE    ^nMrRATf!H   COrFFlClFNTS 
HFAI     PAKTS   üf    THE   ROUTS 
IMAGTMARV   PAKTS   OF    THE   RUrUS 
KflOfs    fflHOl*    "F    THF    UtMnMfNATÜH) 
i    VAHfAHi E 
PLIES KüRMAl. FXFCUTIÜN 
PLIES THAT ThF COMPLM PAHT OF THE OUlPUl 
CTflR »F CAML SIONIFICANT. 

IU^I.1FS THAT T^F OHDFK Uf THF DENOMINATOR «AS 
NOT G*FATER THAN THF 0HÜER OF THE MJMENATIJH. 

IMPLIES THAT T^F    FORCING FUNCTION INPlCATl* 
WAS SPFTTFTED INCOHRECILY 

TC"riF = 3 

icnr)r = a 

SUHRCUTlNF S   CA| LTD" 

CPVAl     -   CUMPitX   f y/ALUATTPN   OF    A   PHLYNOMlAl 
TYMF   -   RFSpn>»SF    BY   THE   "FTMOU   OF   RESIDUES 

OOCJiil b 10 
0 00 u15 21 
OÜÜUI^JC 
OOOol^o 
000ül5b0 
0ÜÜU156U 
0 0 0 0 1 5 7 ü 
OOUulbdO 
OüOulbVU 
noooiäov, 
OOOulöK 
o o o o 16 ie o 
00ÜU163O 

OOOulö^C 
I0000l6b0 
000ul6öv, 
0Ü0O16/0 
00001680 
000016VC 
OUOüUüO 
OOOUl Mo 
OOOoj 11\J 

OOOUl?Jt 
OOÜut 74o 
0000175ü 
000017GO 
0 0 0 0 17/1 
OUool7HL 
000017V0 
0 0 0 o 1 8 0 0 
ooooiei^ 
OÜOOlflüO 
OOOOlöio 
000018<*0 
000ul85o 
00001860 
000018/0 
000O1880 



oo 

00001890 
REMARKS« 00001900 

00001910 
THIS SUBROUTINE IS DESTGNEn TO GENERATE THE TIME RESPONSE OF A 00001920 
GENERAL OUTPUT FUNCTION XOfS) « Xl<S)G<S).  IN THIs 00001930 
EVALUATION TwO IMPORTANT ASSUMPTIONS ARE MADE. 00001940 

1)  THE OROER OF THE DENOMINATOR OF THE OUTPuT FUNCTI0N000O1950 
nF THE OUTPUT FUNCTION. 0000196O 
MUST BE LARGFR THAN THE ORDER OF THE NUMrRATOR     00001970 

?)  MULTIPLE ROOTS OF THE DENOMINATOR MAY NOT EXIST.   00001980 
00001990 

00002010 
SUBROUTINE TIMEfIF#AMP#PTTMF#RTIME,W#OUTPUT#TMO#NG#lNG»ROOTR> 00002020 

RnOTI,IDGMi,IrOüE) 000020 30 
REAL NG 000U200C 

DIMENSION P(l4)fNG(14)#K(M)#nUT(1002)#T(lOO?)#OUTPUT(lo02)# 00002050 
ROOTRf 14)#R00TU M).SAVEM00?) 00002060 

COMMON TDEL>TMA* 00002070 
IC0DE«4 000U208C 
IFCIF.GT.5.0R.IF.LT.O)RETURN 000U2090 
GAINDG«1./AMP 00002100 

c. 00002110 

C-       DETERMINE TMAX 00002120 
C 

C 

00002130 

C-      SMALL«1.E6 00002140 
C-      00  9 I«1fI0GMl 00002150 
C-      ABSR»ABSfWOnTR(I)) 0000216C 
C-      IF (ABSR.EQ.Ol) GO TO 10 000u21fQ 
C-       IFCABSR.LT.SMALL) SMALL«ARSR 000u?l80 

00002194) 
IFCIF.EQ.0)60 Tn 11 0000?200 
GO TO ClO#?0»30»40#50) #IF 00002?10 

11 CALL TYME(OUTPUT#T#IO,NG»TNG#ROOTR,ROOTI,IDGM1#GAINDG#ICODE) 0CUUiU2u 
RETURN 00002230 

10 IDGM1MDGM1+1 000u224U 
ROOTRCIDGMl)*0. OC   ?5G 
ROOTKIDGMi )3o# 000U226C 



I 

CA| |     TYMrcnilTPUT.T, I T , Nu • T vc. • POU T N , HQü T I • I UGM 1 . ß A 1 NÜG » I r Hut ) 
R i T U " N 

?n   TOG^ 1 = Inr;^ 1 41 
R(iOTR( 100K;I )a,04l 
RüOTlC IDGM ) = o. 
IUGM1 = [06k1 + 1 
M1111TWC IDGM1 )=-.nni 
ROOTK IDGM1 >«Of 

C ALI     TYMKnnrPiJT»T# I",NG, Tvf..wnOTH,HnUTT. inGMl .GAIM3G, IrOct ) 
HF Tl RN 

io   [OGwi*mr,Mt + i 
RüOTRC [fjGM1 ) = 0.n 
»UHTl C ri)GM1 ) = n.o 

CALL    rVMF(SAVF»T»IO#NG^tNi;»HnnT«^»naTI»TnGMlfOATNDG#!cOnr) 
IFC IcnOF »NF »())   r,n   TU    H 
MuMpsPTIMfr/TOFI *0.5 
IF(VTIMf.tQ.O)   r,n   T(J    3? 
HO    11    I=1,MTIME 

31 Cl U T p 11T c T )=SA\/FC T ) 
32 TPISMTIMF+1 

HO   33    I = !P1M0 
33 OUTPllT(T) = SAVF(T)-SAVfCl-VTfHF) 
34 RETURN 
40   T=RTiMF/rnn + .5 

RT I^F = I*Tf)FL 
IDGMt = inr,M1 fl 

ROOTR( THGM1 U.Onl 
ROOTyCIDG^I )=0.n 
I0GMl«InGM1^1 
ROOTH( 11)6*1 > = - . of) 1 
ROOT I(IOGMl ) = o.o 
GAlNnG = GA lNr)G*HTTME 

CALl TYMFCSAVFfTflüfNUfrNGfKnnTNfRnOTUinoHl.üATNüGWCÜnE) 
IF(TCODE.NF.O) ft!) TO * 4 
MTIVF=RT|MF/TnEl+0.5 
IFCNTlMF.EQ.O) r,n TO a 2 
nO A1 T=1»MJIME 

41 nilTPHTC T ) = SAVF( T ) 

00ü02?/0 
O0UO22GL 
000U22VV, 
OOÜüS 
000u23U 
OüCU23*u 
00Ou23JL 
00Ou23**L 
OüOv,23bu 
000023^^ 
00uu?3/c 
O0Ou23Ct 
00ÜU23VO 
000u24Ü0 
000U24U 
00üo2«2G 
000U243L 
000u24<*i- 
OOÜ02abu 

0 C 0 0 2 4 o C 
0Cüu24/^ 
OOUU2<4öL 

00ÜO24VL 
0Ü0O25ÜC 

O0OU25U 
00OU252V. 
00Ou2b3C 
00002b«0 
OGUo25bo 
000u25ö0 
000ü25fC 
00GU25HO 
000^2bVC 

000O260C 
000U261^ 
00ÜU262O 
CUOu263o 
000u2£«0 



^1 

c- 

O 
c- 
C« 
c« 

c« 
c« 
c 

42 IP1«MTIME*1 
00 43 I*IP1»I0 

43 OUTPUT(T>-SAVE(T)-SAVECl-MTTMr) 

44 RETURN 
30 IDGMI«IDGMIM 

R00TR(I0GM1)«0. 
ROOTHIOGMI)«« 
IDGHl«inGMl*l 
ROOTR(IOGMt)«0, 

RETURN 
DEBUG SUBCHK 

SUBROUTINE   TYMErOUTPUT.TMn.N<;,lNG,R0OTR,RO0Tl,TDGMl,GATNDG,ICODE 

COMPLEX   P,S,Ot)T,OUTl,KfKJ.KNUM 

OIJEISISS   P(l4)>NGCl4),K(14),nUTM002),0UTPUT(l002),Tcin02), 
R00TRfl4)#R00TI(14).TTEST(t6> 

COMMON   TDEL'TMAX 

CHECK   FOR   BAR   ENTRY 

IFCIOGHI.LT.ING)   GO   TO   55 

CHECK   FOR   MULTIPLE   ROOT* 

00 5 I«1»I0GM1 
RRPl«R00TR(I)*.o001 
RRMl«R00TR(I)-«O00l 
RlPl«R00Tl(l)4.O001 
RIM1»ROOTHI);.0001 
00 5 J«1»X0GM1 
IF(I.EO.J) GO Tn 5 
RRJ«ROOTR(J) 

!;S!!l!IÄJ..W.RRPt.«T:RR...»N0.RlNl.LT.RTJ.*N0.«!|.i:6T.RlJ) 
GO TO 50 

000U2650 
00002660 
00002670 
00002660 
00002690 
00002700 
00002710 
00002720 
00002730 
00002740 
00002750 
00002760 
00002770 
00002780 
>00Q02790 
00002800 
00002810 
0000282Q 
00002630 
000U2840 
00002850 
00002860 
00002870 
00002680 
00002690 
00002900 
00002910 
00002920 
00002930 
00002940 
0000295C 
00002960 
0000297C 
00Cu29ÖÜ 
000J299Ü 
00OU30OC 
00003010 
00003020 



GO Tn 5 
so RUOTKCj)SK(inrRC.i)  - o.ooo? 

5 CHNTlMlF 
[ronr=n 
no  n   i = MD(i^i 

It P(I )sCMPL*fR(M1TP( I ),RuUT!f T ) ) 
O 
c- nfTFHMINF    THr   K«S 
o 

a 
i 

C- 
c- 
c- 

oo   15   J = 1MDGM1 
S=P(J) 
CALL    CPVAL(KN||MPS»NG. |NG) 

KJ»(1 .#0, ) 
00   25   L = l, TOGMi 
IF(L.EO.J)   6Ü   Tn   25 
KJ = KJ/(S-H(L ^ ) 

?5   CONTINUE 
K( J)sKJ*KN||M/r,ATNOG 

15    CONTTMIF 

DFTFR^INF   THr   TI ML   «FSPOKSF 

10*0 
Tls.T[)EL 

34 10=10+1 
0UT1»(0.*Q.) 
T1=T1♦TOEL 
00   35   J = 1M0GM1 
IF(RnOTK(J)*T1.1 T.-100.) 
0UT1=0U11*<(J)*CFXP(T1*P 

35 CONTINUE 
OUTPUTC IU)aRfc AL r Oll T 1 > 
UNREAL=ATKAG(nUTi ) 
IFCARS(UNREAL) .1 T..01)GO 
*RITF(3M01 )0MT1 

01    FORMAT(?F?0.M 
00   CONTIMJF 

T( IC) = T1 

r.n Tn 
P(jn 

35 

Tn loo 

0U0o3C<*v, 
C0Uo3CbL 
O0OU306U 
000U30/C 
000030ÖC 
000U309O 
00üu3l0o 
0ÜÜU31 K 
000U312C 
OOOU313C 
0C0u31^0 
C0OO3lbU 

0000316U 
000U31 fl> 
00003181 
000U319C 
OOOU320C 
000O321C 
000u3?<Ju 
OOOU3?3o 
000O324L 

OOOU325C 
0000326t 
000u32'0 

000032OO 
O00u32«»o 
OOOU33ÜU 
000u331o 

000u33*O 
OOOU333C 

OOOu33<*o 
OOOo33bO 
OÜOVJ336L 

000033^ 
00OO33ÖC 
0001)33*0 
000u34ÜO 



ö 
I 

IF(Tl.LT.TMAX) r.O TO 34 O0OÜ3410 
IFCA8SCUNREAL).r,T.#0l)WRITFf3.l02) 00003420 

102 rORMÄT(lHl) 00003430 
RETURN 00003440 

55   ICoOE«3 00003450 
RETURN 00003460 

C-    OEBUG SUBCHK 00003470 
END 00003480 
SUBROUTINE PLOTfX#Y*IPEN) 00003490 
DIMENSION CONT(O) 00003500 
DATA C0NT/51HCCFX PL0T/HUMP*5T7351002*FILE FTLERAY«F0RP/DSKJENO•/ 00003510 

C- OOOO352O 
BCD a(6H     P) 00003530 
WRITE<4)8C0>X,Y,IPEN)lF(lprN.NE,999)RETURNlLnCK 4 0000 3540 
CALL ZIP(CONT))RETURN 00003550 
END 00003560 
SUBROUTINE SYMBflL ( X# Y, SZ# BfD# äNG# NC ) 0000357U 
DIMENSION BCD(13) 00003580 
T«(6M     S) 00003590 

NWl»6 00003600 
IF(M0D(NC#6).E0.O)NWtsO 0000 3610 
NW «CIABSCNCU N*1>/6 00003620 
NRlTE(4)T0X»Y»S7»ANG»NC'CRCnCT)'I"1'NM) 0000 36 30 
RETURN 00003640 
ENO 00003650 
SUBROUTINE AXISfX,Y#BC0#NC»AXl EN*ANG*RMIN#DEl TV) 00003660 
DIMENSION RCDCn) 00003670 
T «(6H     A) OOOO366O 

Nwl*6 00003690 
IFCMOD(NC#A).EO!0)NW1«0 00003700 
NW «(IABSCNC) ♦ NWD/6 00003710 
WRITE(4)T#X#Y,Nr'AXLEN»ANG»RMTN#DELTV#(BCD(I)M«l'NW) 0000 3720 
RETURN 00003730 
END 00003740 
SUBROUTINE L INE (PX>P Y, NPT,T NC . L TYP, I SM, F I RSTX# DFL TX,F I R<TY# OELTY ) 0000 3 750 
OlMfNsiON Px(NPT)#PY(NPT)tRCDrl) 00003760 
INTEGER A,TEMP,p#C 00003770 
S a(6H     S) 00003780 



?0 

o 
i 

30 

no 

so 
60 

P B(6H     P) 
S/  =.0P 
ANG =0.0 ; 1* =1 
A=1 
R =IAHS(!^C) 
C = NPT 

\A = 0 

IC = 3 
IS =-1 
ICA = 2 
ISA =-? 
M = 1 
TF (I TYP) 30,40,Sn 
ISA = "I 
9 BR *LTYH *1SA 
r,n TH 60 
\T = -1 

Go m 6o 
NT =LTYP;\A=-I*MT 
lFCIS^ = l)HCn(\) = (6H + Of)000) 
TF ( TS^ = 1 >8C0(1 )*C6H000OOO) 
on too I=A,C#M 

XPT =(PX( I ) -F!*STX)/UELTX 
YPT =(PV(I) -riPSTY)/uCLTY 
NA    SN|A4 1 
IF(NA = M)GD    Tn    110 
WRTTF(4)P,XPT,YPT, IC 
GO   TO   to«) 

l   lUMjrMriMHUU 

TO 10S 
ITF!C»)S,XPT,YPT,SZ»ANG»TV.HrOC1 ) 
= 0 
.. i r A 

GO 
1 10 WH 

NA =0 
tOS IC eICA 

IS =ISA 
100   CGNTTNlIp 

RF TIJHN 
FNO 

SUPROnTlNF CP^PY(7F;KÜR./EKni#lNG>4WA»l(nM/) 
COMPLFX X,Y»7 

0ÜOU3/VC 
ouuu3eoo 
0ÜÜU3Ö1O 
o u o o 3 e 21 
000u3fiiC 
00UU3A<^ 
ooo»j3ebt 
oi;u(J3H6^ 
0OOO387C 
000u3P«t 
0CUu3fc<9o 
000u39CC 
OU0u39lU 
OUUU392G 
000^3930 

0000 3941 
000w39bC 
0UÖU39OL 
000039^ 
000U39ÖO 
000039^1, 
OOOulOoc 

ooouacu 
ooouaOk^ 
ooüuac3L 
000u<i0<*G 
OOUu^CbO 
000U406C 
ooou^cfo 
ooüuaoöo 
000U409O 

OOCiJ 4 1 Gv, 
o o a u a 111 
QUO0 412C 
OCOuM3o 
ououai^ 
OOOuMbc 
o c u o a i e c 



I 

DIMENSION   X(28)#Y(?fi)0Z(2fl)#ZERnR(2«)#ZE:ROl(?8)#A(?8) 
00 11 I«1#INGM1 
11 ZER0R(I>»-ZER0Rr I) 

X(1)«CMPLX(ZER0R(1)#ZER0IC1)) 
X(2>«<1.#0.) 
I0IMX-2 
YC2>«(1.#0.) 
IDINY»2 
MAX00>INGM1 - 1 
TO>I>MAXOO 
J«I0 ♦ 1 
Y(l)«CMPLX(ZER0R(j)#ZE:R0Irj)) 
IOIMZ-IDIMX ♦ InlMY - 1 

30 11-1# IOIMZ 
Z(U)BC0.'0.) 

40 I2«1#IDIMX 
40 Jl»lMOlMz 
K»l2 ♦ jl • 1 
Z(K)«X(l2)KY(jn ♦ Z(K) 

SO I3«1MDIMZ 
X(I3)«Z(I3) 

1 IDIMX-IDIMZ 
DO 60 U«1#IDIMZ 
60    A(IA)"REAL(Z(IA)) 
00 20 J*l»INGMl 
20    ZERORCJ)«-ZfR0RfJ) 

RETURN 
END 

00 1 

DO 
30 
DO 
DO 

40 
DO 
50 

00004170 
00004100 
00004190 
00004200 
00004210 
00004220 
00004230 
00004240 
00004250 
00004260 
000042^0 
00004260 
00004290 
00004300 
00004310 
00004320 
00004330 
000043*0 
00004350 
OOOO436O 
00004370 
00004360 
00004390 
00004400 
00004410 
00004420 
00004430 
00004440 
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